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The organochlorine group of pesticides have been 
used in agriculture from the last few decades. The 
widespread use of these pesticides has resulted not only 
in environmental pollution but also presented a 
potential health problem. Many of these compounds have 
persistent residues or metabolites in the body. These 
chemicals enter in the human body either through 
inhalation or food chain. 
The lungs and respiratory passages present a large 
surface area which is constantly exposed to environment. 
Besides, there has been a growing concern about the 
large number of deaths due to cancer, According to 
certain u.S , data, the number of deaths due to cancer 
may be more than by accidents or accidental poisoning. 
In majority of /cases, the cause of lung cancer has 
either not been established or attributed to smoking. 
Inspite of this, and also the vital role it plays in the 
body, the lung has not received as much attention in 
toxicology as it should have. Besides the direct 
pulmonary effects, the disposition of pesticides by 
lungs may determine the fate and toxicity in other organ 
systems of the body. vThe present study was therefore 
undertaken to study the toxicity and disposition of 
lindane (y-isomer of hexachlorocyclohexane) in animals. 
Hexachlorocyclohexane (HCH) 
.0 
Y-Isomer (Lindane) 
•^ 'The toxic effects of lindane were studied primarily 
on respiratory system with a possible bearing on other 
organs including liver and brain. The main emphasis of 
the investigation was on biochemical changes in lungs 
which have not yet received adequate attention 
particularly in pesticide toxicity. Attempts were also 
made to study the adaptive responses of lung t i ssue 
which involve enzymatic changes and d i spos i t ion of the 
p e s t i c i d e in various body t i s s u e s . H i s to log i ca l s tudies 
were a l so conducted to corre la te the biochemical e f fec t s 
with h i s t o l o g i c a l changes, i f any, in the t i s s u e s . 
The biochemical s tud ie s were conducted J^ vivo as 
well as. ija^ v i t r o . Adult male a lbino rats (Wlstar 
s t r a i n ) were treated with l indane in tra trachea l ly . The 
animals were sacr i f i ced at d i f f e r e n t time intervals 
a f t e r treatment with l indane . Lung, l i v e r and brain were 
removed and used for enzyme es t imat ions . Lungs of 
rats were also preserved for h i s t o l o g i c a l s t u d i e s . 
Residues and metabolites of l indane were estimated in 
var ious t i s s u e s including lungs , l i v e r , brain, kidney, 
spleen; heart , blood and adipose t i s s u e . Lindane and i t s 
metabolites were a l so estimated in urine and faeces . 
Benzo(a)pyrene and aldrin clearance times were measured 
in the lungs of lindane treated animals . The changes in 
the a c t i v i t i e s of various enzymes were assayed in 
homogenate and serum, mitochondria and microsomes of 
l indane treated r a t s . 
1. Effect of Lindane on Certain Enzymes in Hoaogenate 
and Serum 
The enzymes es t ima ted in the serum and whole 
homogenates of certain t i s s u e s of l i ndane t r e a t e d 
animals included (a) Acid phospha tase (b) Alkal ine 
phosphatase (c) GOT and (d) GPT. These e s t ima t ions (in 
vivo and Vn vitro) were made since lindane induced 
chemical changes which were often used to monitor the 
degree of toxicity or exposure. The increased level of 
alkaline phosphatase in serum is suggestive of liver 
function disorder in animals treated with organochlorine 
i nsecticides. 
1.1 Iji vitro treatment with lindane increased acid and 
alkaline phosphatase activity in lungs. In liver, 
acid phosphatase activity increased u>MWt' alkaline 
phosphatase activity remained unchanged. However, 
lindane inhibited both acid and alkaline 
phosphatase activities in brain tissue of rats in a 
concentration dependent manner. Activities of GOT 
and GPT in lungs were not changed by lindane 
treatment. 
1.2 Intratracheal administration of lindane however 
resulted in identical changes in lungs and liver. 
Acid and alkaline phosphatase activities were 
increased significantly in lungs Uihi^ in liver 
only acid phosphatase activity was Increased at an 
early stage. In brain both the enzymes were not 
significantly changed initially. Later only 
alkaline phosphatase activity was slightly but 
significantly increased. In lungs, the activities 
of both the enzymes returned to normal level by 
fifth day after treatment. 
1.3 In serum, acid and alkaline phosphatase levels were 
also increased only initially but were normal by 
fifth day. 
1.4 Levels of GOT and GPT were not significantly 
changed in lung or serum in lindane treated 
animals. 
1.5 The enhanced serum enzyme activities may be due to 
tissue injury inducing release of enzymes in the 
serum. These results are also consistent with the 
histological studies which indicated damage and 
histological changes in the lungs of lindane 
treated animals. 
2. Changes in Certain Enzymes of Uitochondria 
Biochemical s t u d i e s were extended t o 
e s t i m a t i o n s of enzymes of e l e c t r o n t r a n s p o r t chain ( i ) 
Succ in ic dehydrogenase ( i i ) NADH-cytochrome-c-reductase 
( i i i ) Cytochrome-c-oxidase and ( iv ) Ca , Mg -
(ol igomycine s e n s i t i v e and insensitive)-ATPeLi!,e4 anoLW 
c y t o s o l i c (Na* - K5— ATPase in post mi tochondr ia l 
s u p e r n a t a n t . 
2 .1 In lungsy the a c t i v i t i e s of s u c c i n i c dehydrogenase 
and cytochrome-c-oxidase were increased s i g n i f i -
can t ly ijdk)\txt NADH-cytochrome-c-reductase was 
i n h i b i t e d i n i t i a l l y but r e tu rned to normal f i ve 
days a f t e r exposure . 
2.2 In l i v e r , s u c c i n i c dehydrogenase a c t i v i t y was 
i n h i b i t e d c^hUt NADH-cytochrome-c-reductase and 
te rmina l cytochrome-c-oxidase a c t i v i t i e s were 
i n c r e a s e d . 
2 .3 MoVeove ,^ in lungs and l i v e r , the enzyme a c t i v i t i e s 
returned to normal leve l f ive days af ter exposure. 
However, the a c t i v i t y of cytochrome-c-oxidase in 
lungs was s i g n i f i c a n t l y higher than control values 
f i v e days after exposure. 
2 .4 In brain, the enzyme a c t i v i t i e s were not a l tered 
i n i t i a l l y . However, f i ve days af ter exposure, 
succ in ic dehydrogenase and NADH-cytochrome-c-
reductase a c t i v i t i e s were increased while terminal 
cytochrome-c-oxidase a c t i v i t y decreased. 
2.5 Lindane through inhib i t ion of respiratory chain at 
d i f ferent s i t e s in d i f ferent organs seems t o 
i n t e r f e r e with the 0)CicloJlive meteiiolisni. However; 
the act ivat ion of other enzymes in lung, l i v e r and 
brain i s suggest ive of a compensatory mechanism to 
meet the requirement of addit ional energy owing to 
administration of lindane which besides inducing 
other changes may a l so cause s t r e s s . 
2.6 The e f f ec t of l indane on pulmonary ATPases ^ O ^ 
i n h i b i t o r y . Ca , Mg (oligomycine s e n s i t i v e and 
i n s e n s i t i v e ) and Na-K"*" dependent ATPases were 
significantly inhibited initially but returned to 
normal or close to normal range subsequently. 
2.7 In liver, the response of ATPases in lindane 
treated animals was slightly different. There was 
+ + +2 
no significant change in Na-K -ATPases in liver. Ca 
+2 
and Mg (Oligomycine insensitive) ATPases were 
+2 , 
significantly reduced. However, Mg -oligomycine 
sensitive ATPases activity was increased suggesting 
enzyme release due to membrane damage. These 
changes were suggested to be organ specific. 
+2 + + 
2.8 In brain, Mg -oligomycine s e n s i t i v e and Na-K 
ATPases were not s i g n i f i c a n t l y changed 24 hr a f ter 
l indane treatment. Oligomycine i n s e n s i t i v e ATPase 
was s i g n i f i c a n t l y inhibi ted while the a c t i v i t y of 
Ca -dependent ATPases was enhanced. However, f i v e 
days af ter treatment, a l l ATPases were 
s i g n i f i c a n t l y i n h i b i t e d . 
The changes in the a c t i v i t i e s of ATPases 
induced by l indane may be related t o the t o x i c 
e f f e c t s induced by the conpound. 
3 . Microsomal, Post-Mitochondrial and Cytoso l ic Studies 
The biochemical e s t i m a t i o n s in microsomal 
f r a c t i o n inc luded assays of ( i ) Benzo( a)pyrene 
hydroxylase ( i i ) Epoxide hydro lase ( i l l ) Cytochrome P-
450 and P-448 ( iv) G l u t a t h i o n e reduced and oxid ized (GSH 
& GSSG) (v) Cytosolic g lu ta th ione-S- t ransferase . The 
post-mitochondrial supernatant was used for the assay of 
(vi) Glutathione reductase ( v i i ) Glutathione peroxidase 
and (viij) Superoxide dismutase 
3.1 rn v i t r o ; treatment with lindane inhibi ted the 
benzo(a)pyrene hydroxylase and epoxide hydrolase in 
a concentration dependent manner. The changes were 
s t a t i s t i c a l l y s ign i f i can t . 
3.2 Benzo( a)pyrene hydroxylase and epoxide hydrolase 
were also inhibi ted ija vivo in microsomes isolated 
from r a t s t r ea ted in t ra t rachea l ly with l indane. 
Glutathione-S-transferase a c t i v i t y was also 
increased s ign i f i can t ly . 
3.3 When cytochrome P-450 and P-448 were estimated in 
microsomes of t rea ted animals, a s igni f icant 
increase in the contents of both was found. 
3 .4 Reduced glutathione content of lung decreased in 
lindane t rea ted r a t s whereas the level of oxidized 
glutathione increased. The depletion of glutathione 
(GSH) and subsequent increase in glutathione 
oxidized (GSSG) was due t o the a l t e red a c t i v i t i e s 
of enzymes of glutathione metabolism v iz . 
glutathione reductase and glutathione peroxidase. 
The former showed a s ign i f i can t decrease while 
l a t e r was s ign i f i can t ly increased. The response of 
two enzymes was s imilar during both in v i t ro and in 
vivo studies. Glutathione is known to afford 
protection of CeXiU at least partially against toxic 
effects induced by certain chemicals. 
3.5 Effect of lindane on superoxide dismutase was also 
studied. Lindane did not alter the activity of 
enzyme in^ vitro or in^  vivo suggesting that any 
damage to tissues may not be due to generation of 
superoxide radicals atleast partially. 
3.6 The changes 'oijAeYVwl (LxYWlc^ ^Wei-e. jtUfLle^ 
were reversible with time and therefore seem to be 
related to metabolism and clearance of lindane from 
the lung tissue. 
3.7 In the metabolism of lindane, the generation of 
lindane derived free radicals and peroxidative 
damage of lipids was suggested. Enzymatic and non-
enzymatic lipid peroxidation was studied in 
microsomes isolated from rat lungs treated with 
lindane. The study was also conducted in^  vitro. 
Lipid peroxidation increased in microsomes of 
lindane treated animals. Enzymatic lipid peroxi-
dation was not significantly changed' initially. 
However, non enzymatic lipid peroxidation activity 
was increased at the earlier stage. The changes 
returned to normal five days after exposure 
excepting enzymatic lipid peroxidation which 
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remained s igni f icant ly increased five days af ter 
treatment with l indane. 
3.8 The glucose constimption in lungs was determined by 
isola ted perfused ra t lung technique. Glucose 
consumption in lindane exposed lungs increased 
s ign i f i can t ly . However, glucose-6-phosphatase 
a c t i v i t y was reduced. Similar changes were found 
a f te r l i v e r perfusion in lindane t rea ted animals. 
The changes are suggestive of grea ter u t i l i z a t i o n 
of glucose in l indane t rea ted animals. 
4. Lindane Metabolites and Residues 
In addition to the biochemical changes 
referred above, metabolites and residues of lindane were 
estimated in lungs and ce r t a in other body t i s s u e s . 
4.1 In lungs, highest coucetitra-tioroij of lindane and 
metaboli te, I, were present 6 Hr a f t e r exposure of 
the compound. Lindane was depleted subsequently 
and on f i f th day, only t races were present . 
Metabolite J I, pe r s i s t ed in lungs t i l l five days 
a f te r exposuref. Another metabolite^II^ was detected 
three days af ter exposure. 
4.2 The amount of l indane in blood increa^eeCi tcbto :il^ 
l\y (xW. theieaMM- was minimal on f i f th day of 
exposure. The concentrat ion of metaboli te^ I , was 
maximum 6 hr a f t e r exposure and was detected only 
11 
in traces after five days suggesting that lindane 
and its metabolites do not persist in the blood for 
long periods. 
4.3 The accumulation of lindane in liver and brain was 
maximum 24 hr after exposure. Metabolite ,1^ was also 
maximum 24 hr after exposure. In both the tissues 
only small amounts of lindane were present five 
days after exposure. However, concentration of 
metabolite , I,was more in liver than in brain five 
days after exposure. Metabolite^II, was present 
only after 24 hr. The results suggest faster 
metabolism of metabolite^II; than metabolite^I. . 
4.4 The accumulation and clearance pattern of lindane 
in kidney; and spleen was similar to that of liver. 
However,- metabolite,I^ was maximum three and five 
days after exposure in kidney and spleen 
respectively. Metabolite,II, in both the tissues 
was detected only 24 hr after exposure. The 
results again suggest faster metabolism of 
metabolite ,11, than metabolite , I^ in both the 
tissues. Lindane was present only in traces in both 
the tissues five days after exposure. 
4.5 The accumulation and clearance of lindane in heart 
was similar to that of lung, the concentration of 
the metabolite , I, being maximum 24 hr after 
exposure. Metabol ite ,11, however, did not appear 
12 
after treatment with lindane. Only traces of the 
compound and metabolite,I, were detected five days 
after exposure. 
4.6 In adipose tissue, no metabolites were detected at 
any time interval after exposure to lindane. 
Lindane content of adipose tissue was maximal 12 hr 
after exposure. The amount of lindane in adipose 
tissue was high even five days after exposure. 
4.7 The amount of lindane in urine was more than in 
faeces. The results suggest greater excretion 
through urine than faeces. Small amounts ^ of 
lindane were present in urine till five days after 
exposure while in faeces, they were detected only 
till two days after exposure. In urine, metabolites 
I; II and III, were detected while in faeces only 
metabolites ^ 1, and III^ were present. The 
concentration of metabolite^I^was several times 
higher in faeces than in urine. The results are 
suggestive of greater metabolism and excretion of 
lindane and its metabolite through urine than 
faeces. 
4.8 The results indicated that lindane was cleared from 
lungs rapidly and distributed to other body organs 
including kidney where it was metabolized or 
excreted in sufficient quantities. 
13 
4.9 Lung is a major site for the formation of 
metabolite, I, which is then transported to other 
body organs. Liver and brain may also be the sites 
for the formation of this metabolite which is 
however not formed in blood. 
5.0 Metabolite^I, seems to be excreted through urine 
5.1 Another metabol ite^ 11^ appears 24 hr after exposure 
in different organs liver, kidney or spleen and 
brain. This metabolite was not detected three and 
five days after exposure and seems to be degraded 
quickly. 
5.2 Presence of metabolite ^11, three days after 
exposure in lungs, suggests its delayed formation 
in lungs or it may be transported from other body 
t i s s ues . 
5.3 .Higher residues of lindane and its metabolite in 
lungs than other body tissues, five days after 
exposure, suggest slower rate of elimination from 
pulmonary tissue. 
5.4 Lindane is deposited in adipose tissue maximally 12 
hr after exposure. The rate of deposition in 
adipose tissue is reduced subsequently. 
5.5 The clearance of certain chemicals, benzo(a)pyrene 
and aldrin from lungs was reduced in lindane 
treated animals suggesting greater retention of 
14 
these substances in lungs and a possible 
interference in the metabolism of xenobiotics by 
lindane. 
6. Histological Studies 
Biochemical changes were consistent with 
histological changes in lungs at different time 
intervals after lindane exposure. The histological 
changes suggested that lung tissue was damaged by 
lindane administration intratracheally leading to the 
development of acute inflammatory reaction. 
CONCLUSION 
In conclusion, flindane after intratracheal 
administration is distributed to liver, brain, kidney, 
spleen, heart tissues and blood maximally depositing in 
adipose tissue. Certain metabolites were also detected 
in these organs except fatty tissue. Excretion occurs 
through urine and faeces; though major part is found in 
urine. Besides the target organs-liver and brain, a 
number of biochemical changes occur in lungs .and 
therefore respiratory system is not free from tissue 
damage which is also substantiated by histological 
changes . / 
The enzymatic changes are manifest 24 hr after 
single exposure which in mosl^  cases return to normal 
15 
level by fifth day after exposure. These findings 
suggest that the effects wore only transient. However, 
continuous exposure to/pesticide in work environment 
may be deleterious and may result in various health 
hAzards . 
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CHAPTER-! a. 
INTRODUCTION 
The use of pes t i c ides in modern agr icu l tu re and 
public heal th undoubtedly helped t o meet the global 
the 
demand of food on one hand and/amelioration of public 
heal th conditions including control and eradicat ion of 
several t rop ica l diseases on the o ther . Pes t ic ides are 
one of those post World War era chemicals which 
profoundly contributed for human welfare. Their 
extensive use resul ted in to continuous exposure of man 
by ( i ) Occupational exposure at various stages of 
manufacture of ac t ive ingredients , formulations, 
t ranspor ta t ion and storage and during spray operations 
in the f i e lds ( i i ) Non occupational exposure where r isk 
of exposure may be through contaminated food, water or 
a i r . 
I r o n i c a l l y , every type of p e s t i c i d e USQ i s 
accompanied by inhe ren t r i s k . P e s t i c i d e s are poisons 
and in almost every case are capable of harming 
organisms o the r than the t a r g e t p e s t s . In o the r words 
they may be def ined as b i o c i d a l agrochemicals used to 
des t roy pe s t s caus ing damage t o a g r i c u l t u r e and human 
h e a l t h . As p e s t i c i d e s in gene ra l do not d i f f e r e n t i a t e 
between d i f f e r e n t s p e c i e s of i n s e c t s , the term 
i n s e c t i c i d e has a l s o been commonly used. However, t he 
term ' p e s t ' i nc ludes widely d ivergen t groups e . g . 
i n s e c t s , r o d e n t s , weeds, fung i , molluscs e t c . 
P e s t i c i d e s have been c l a s s i f i e d on the bas i s of t h e i r 
chemical composi t ion, p h y s i c a l n a t u r e , mode of ac t ion 
and t h e i r t a r g e t organism e . g . 
a. Chemical n a t u r e - Na tura l o rgan ic compounds, 
i no rgan ic compounds, Organophosphates, Carbamates 
e t c . 
b . Targe t organisms - I n s e c t i c i d e s , fung ic ides , 
nema t i c ide s , h e r b i c i d e s , r o d e n t i c i d e s e t c . 
c . Phys i ca l na tu re - Dust, Suspension, v o l a t i l e and 
s o l i d s . 
d. Mode of a c t i o n - Stomach p o i s o n s , Contact po i sons , 
fumigants , Y€^ ]p"!Y<xtoYvj \>oi^oy[^ e t c . 
Soon a f t e r t h e d i scovery of i n s e c t i c i d a l 
p r o p e r t i e s of DDT by Paul Muller in 19 39 in Swi tzer land , 
pyooLuCXi 0"ri of s y n t h e t i c agrochemicals became an 
i n t e g r a l p a r t of a g r i c u l t u r a l i n d u s t r y ; Since then the 
deve lopment of o t h e r new i n s e c t i c i d e s such as BHC , 
t o x a p h e n e , c h l o r d a n e , a l d r i n and d i e l d r i n has been v e r y 
r a p i d . A l though o r g a n o c h l o r i n e , o r g a n o p h o s p h a t e and 
c a r b a m a t e a r e t h e major c l a s s e s of p e s t i c i d e s , t he 
commonly used c h l o r i n a t e d h y d r o c a r b o n i n s e c t i c i d e s a r e 
o f t e n p r e f e r r e d i n p u b l i c h e a l t h programme and 
a g r i c u l t u r e . 
P e s t i c i d e Use P a t t e r n 
The annual world wide damage to agr icu l ture from 
pests has been estimated to be of the order of 80 
b i l l ion do l la r s ; To cope up with t h i s t h r e a t , the 
pes t ic ide industry a l l over the world exhibited a 
nove l i s t i c growth ra te leading to an increase in the 
world production of pes t ic ides from 100 thousands tonj 
in 1945 to 1800 thousands tons in 1975. 
In India, a s izeable port ion (15-20% of t o t a l 
produce) of harvest i s destroyed by pests as noted by 
Indian National Council of Applied and Economic 
Research. Accordingly, the consumption of synthet ic 
organic pes t ic ides i s expected to increase from a meager 
50 tons in early f i f t i e s to 250 thousand tons per 
annum by 2000 AD (Figure 1) . The t o t a l i n s t a l l ed 
capacity of pes t ic ide industry in India i s 1,05,606 
tons per annum as against the l icenced capacity of 
1,16,230 tons of technical ma te r i a l . I t i s also 
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FIG. 1. TREND OF PESTICIDES PRODUCTION IN 
INDIA 
reported that l e t t e r s of in ten t for the manufacture of 
addi t ional quant i ty of 15,600 tons of technical 
mater ial and schemes for 19,400 tons are registered 
with DGTD. The t o t a l production capacity of technical 
compound which has been generated in the country include 
36 in sec t i c ides , 22 fungicides, 16 rodent icides and 4 
herbicides and plant growth regulators and 3 fumigants 
(Figure 2 ) . 
The production has touched 58,376 tons in 1984-
85 with 4,255 tons of imported technical mater ia l . 
The demand pa t te rn of a l l the chlorinated hydrocarbon 
insec t ic ides i s 93,720 tons per annum for 1989-90. 
The capacity and production of individual pes t ic ides as 
the s i tua t ion existed in 1987 have been shown in Table 
1. BHC, DDT and malathion are the three important 
pes t ic ides required in bulk quan t i t i e s while t h e i r 
current production i s far less than ant ic ipa ted demand 
as shown in Figure 3 . The production of three 
insec t ic ides DDT, BHC and malathion was undertaken by a 
public sector company Hindustan Insec t ic ide Limited 
(HIL) which a l so s t a r t ed the manufacture of endosulfan. 
Many other pes t ic ides are a lso manufactured by pr iva te 
sector/ companies. 
The demand of hexachlorocyclohexane (BHC) has 
surpassed the record production and consumption of other 
pes t ic ides in our country (Figure 3 ) . Y-isomer i s the 
only in sec t i c ida l component present in the isomeric 
mixture of hexachlorocyclohexane. The Y-isomer i s a lso 
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TABLE - 1 
Capacity and production of pest ic ides (year 1986-1987) 
Chemicals 
Tons 
No. of IlietaCCeol Pro<£aclt^ n 
Units CflL^OjCJI^ / C gAtiVnoiW) 
Pesticide (Tech.) Insecticides 
B • H • C • 
D.D.T. 
Ma lath ion 
Parathion 
Metasystox 
Fenitrothion 
Fenthion 
pimethoate 
Phosphamidon 
D.D.V.P. 
Quinalphos 
Ethion 
Carbaryl 
Monocrotophos 
Lindane 
Endosulphan 
Thimet (Phorate) 
Dicof ol 
PhOSalone 
Fenvalerate 
Cypermethrin 
Captafol 
Captan 
Fungicides 
Cooperoxychloride 
Thiocarbamates 
Nickel Chloride 
Organo-Mercurials 
Carbandisin (Bavistin) 
Herbicides 
2,4-D 
Weedicides 
Isoproturon 
Paraquat (Cramoxone) 
Basaline 
Dalapon 
Diuron 
7 
3 
13 
2 
1 
2 
1 
3 
2 
1 
3 
4 
2 
3 
1 
3 
2 
1 
1 
4 
"3 
1 
1 
41 .9 
9.09 
12.0 
2.76 
0.26 
0.60 
0.36 
1.69 
1 .12 
0.48 
1 .30 
0.40 
7.00 
1.2 
0.10 
2.40 
1 .20 
1.0 
0.55 
0.30 
0.10 
0.10 
2.13 
25.8 
6.5 
3 .2 
1.5 
0.35 
0.1 
0.25 
1 .5 
1.5 
0.55 
1 .0 
0.40 
0.05 
2.0 
3.0 
2.0 
Neg. 
0.25 
0.55 
2.0 
0.08 
0.07 
3 
3 
1 
2 
3 
2.4 6 
3 .48 
0 . 3 0 
0 .18 
0 . 7 3 
1 .0 
3 . 0 
— 
0 .20 
0 .20 
0.90 
3 
1 
1 
2 
1 
1.68 
0 .50 
0 . 2 0 
0 .13 
-
1 .0 
0.20 
0 .020 
Neg. 
0 .10 
Contd.. 
(^"^^td Table 1) 
Plant Growth Regulanti 
Cycocil/Lihocin 
A. N. Acetic Acid 
Rodenticides 
Ratafin 
Zinc Phosphide 
Fumigants 
Alumn. P h o s p h i d e 
Methyl Bromide 
E t h y l e n e Dibromide 
3 
2 
1 
4 
4 
1 
3 
0 . 1 8 
0 .02 
0 . 0 5 
1 .22 
1.52 
0 .30 
0 . 5 1 
Neg. 
0 
0 
1 . 
0 . 
0 . 
. 0 0 5 
.30 
.10 
07 
08 
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known as lindane and therefore term "lindane, has been 
used in the present study. 
The effects of lindane have been studied on 
di f ferent organs of the body, the compound being 
administered by a number of routes , dermal, intravenous, 
intramuscular, i n t r ape r i tonea l e t c . (Lievremont et^  a l . , 
1981). The in t r a t r achea l route of administration has 
been used in the present study to allow the compound 
come in d i rec t contact with the pulmonary t i s s u e . 
Lungs besides being an organ of d i rec t contact 
with external environment, present large surface area 
for exposure. Moreover, s tudies on pulmonary t ox i c i t y 
assume importance on account of increased incidence of 
lung hazards, such as f i b ro s i s and cancer in workers of 
pes t ic ide industry (Sadoski , 1980; Barthel , 1976; Lings, 
1982). The present study represents a systemic attempt 
t o inves t iga te the mechanism of pulmonary tox ic i ty of 
lindane in animals exposed to the compound at different 
time i n t e r v a l s . The study may serve to bring up the 
ex is t ing lacunae cohiek TWAJJ be dMQ. to hx-Ck. o| Ky^obs^£a^€^ 
CHAPTER-Ib. 
REVIEW OF LITERATURE. 
Chlorinated Hydrocarbon Insecticides 
Chlorinated hydrocarbon insecticides are the major 
class of pesticides widely used for effective control of 
pests which are known to cause health hazards and 
considerable food losses. Organochlorine pesticides, 
DDT, BHC, Chlordane are widely used in public health and 
agriculture throughout the world. The general character-
istics of this class of pesticides are, the presence of 
cyclic carbon chains (including one or more benzene 
ring), a number of C-Cl bonds, lack of intra molecular 
site, apolarity and lipophilicity, chemical unreactivity 
and stability in the environment. Based on aforesaid 
characteristics, chlorinated hydrocarbons are generally 
classified into three major groups of insecticides: DDT 
analogues, Benzene hexachloride (BHC) isomers, and 
cyclodiene compounds. Trichlorodiphenyl t r ichloroethane 
(DDT) i t s e l f i s an important and major insec t ic ide 
marketed. The other analogues of t h i s extremely apolar 
insec t i c ide group are TDE (DDD or Rothane ) or 1,1,-
Dichloro-2 , 2-Bis (p-chlorophenyl) Ethane; Methoxychlor 
(DMDT or methoxy-DDT) or 1,1 , l -Tr ichloro-2,2-Bi s(p-
methoxy phenyl) Ethane; Dicofol (Kelthane® ) or 4,4-
Dichloro-a- (Trichloromethyl) Benzhydrol; DMC (DCPC) or 
Dimite®or 4, 4-Dichloro-a-Methyl benzhydrol and Chloro-
benzilate® or Ethyl 4 ,4-Dichlorobenzi la te . 
Cyclodiene compounds cons t i t u t e another analogous 
group of organochlorine p e s t i c i d e s . This class consists 
of several important insec t i c ides which include 
chlordane a - t r a n s and &-cis-chlordane); heptachlor and 
hexachlor as der iva t ives of chlordane; a ld r in , d ie ldr in 
(HEOD); endrin and i sodr in , Toxaphene with i t s isomeric 
forms, strobane, mirex, kepone, endosulfan and telodrin*^ 
(isobenzan) . 
A th i rd group of organochlorine insec t ic ides i s 
benzene hexachloride (BHC) or 1,2 , 3, 4, 5,6-Hexachloro-
cyclohexane (HCH) which i s generally a mixture of 
several isomers. 
©• 
Benzene hexachloride (Syn. Hexachlorocyclohexane) 
History and development 
In 1825, Michael Faraday observed that Benzene 
under the influence of sunlight reacts with chlorine to 
Registered trade names. 
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form a sol id compound. In 19 12, Van-der Linden showed 
that the product so formed i s a mixture of four stereo 
isomers. Bender in 1935 referred to the i n sec t i c ida l 
a c t i v i t y of the compound. Dupire and Rancourt in France 
and Slade in England independently discovered the 
valuable i n sec t i c ida l p roper t i es of hexachlorocyclo-
hexane. Later , i t was shown that the in sec t i c ida l 
property of hexachlorocyclohexane was absolutely due to 
the presence of y-isomer. 
For the synthesis of crude BHC , benzene can be 
chlor inated under the influence of u l t r a v i o l e t 
i r r a d i a t i o n , (Slade, 1945; Hardie, 1964). Besides six 
chemically d i s t i nc t isomers, hepta and octachlorocyclo-
hexane are also found in the mixture. In general , a l l 
isomers of BHC are r e l a t i v e l y s t ab le to heat, l i g h t , hot 
water and acid while a l k a l i dechlorinates them. 
Theorat ica l ly , eight possible isomers of HCH have 
so far been reported. The f i r s t f ive including a pair of 
opt ica l isomer predominate in technical grade mixture 
(Khan and Bhaskar Dev, 19 81). The f i r s t four are usually 
cal led common isomers. Out of eight known s te reo 
isomers only five have so far been i so la ted from 
technical HCH (Martin, 1973). 
These four and an op t i ca l isomer of GHd Haoe. bond^ 
'Tl ujla'CM tkji, bona./^ The s p a t i a l configuration of the 
common isomers of BHC indicating the type of bonds 
present on each, i s shown in Figure 4. 
CI 
Cl<H>'Cl 
Hexa chlorocyclohexane 
(HCH) C5H5CI6 
a a 
'J^ e e^\ 'a 
° 8-Isomer 
la / o c 
f - !somer( Lindane) /3 - (somer 
FIG.d. STEREOiSOMERIC CONFIGURATION OF 
SOME KNOWN HCH ISOMERS. 
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1. Chemical and phys ica l Data 
I . Isomers of HCH 
The composit ion of t e c h n i c a l HCH (Khaw amfi TSW-^M 
Alpha-isomer 
This i s t h e most abundant isomer c o n s t i t u t i n g 65-
70% of HCH. I t has two adjacent c h l o r i n e atoms in the 
n o n - e q u a t o r i a l p o s i t i o n s . 
Beta-isomer 
This is the most symmetrical isomer with six 
chlorine atoms in the equatorial plane and constitutes 
about 6% of the technical product. 
Gamma-isomer 
It is present to the extent of 13% in the crude 
product and has three consecutive chlorine atoms non-
equatorial. This isomer is responsible for most of the 
insecticidal activity exhibited by HCH. \ 
The delta, epsilon, zeta, eta and theta isomers 
are also known to exist but are not of much 
significance. Another isomer, shown as an impurity is 
present in trace amounts and is known as heptachloro-
cyclohexane. A conprehensive summary of physical 
properties of vairous isomers of HCH is given in Table 2 
(Mullins, 1955; Brooks, 19 75). 
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I I . Mixture of HCH Isomers 
Chemically i t i s 1,2 ,3 ,4 ,5 , 6-Hexachloro-
cyc lohexane . The va r ious synonyms inc lude BHC; HCCH; 
hexach lo r ; hexach lo ran . They are a v a i l a b l e under var ious 
t r a d e names such as 666; Benzahex; Benzex; Dol; Dolmix; 
FBHC; Hexafor; Hexaclan; Kotol ; Soproc ide . 
I I I . Use; Occurrence and Toxic i ty 
The only known use of HCH i s as an 
i n s e c t i c i d e . I t i s used on a wide v a r i e t y of f r u i t s , 
v e g e t a b l e s , f i e l d c rops , u n c u l t i v a t e d land for general 
outdoor use and on breeding s t o c k . HCH i s not known t o 
occur as a n a t u r a l p r o d u c t . I t i s a t o x i c o rganoch lor ine 
i n s e c t i c i d e and accumulates in mammalian t i s s u e . HCH i s 
non-phytotoxic (except t o c u c u r b i t i s ) a t i n s e c t i c i d a l 
c o n c e n t r a t i o n but a t h ighe r c o n c e n t r a t i o n s , i t may cause 
root deformation and p o l y p l o i d y . Various isomers of HCH 
have d i f f e r e n t t o x i c i t y index in mammals as i n d i c a t e d by 
t h e i r o ra l LD^Qvalues in r a t s (Table 3) (Metcalf , 1955; 
M u l l i n s , 1955) . 
2. LrndLa-ne 
Utio^Yie i s t h e common name fo r the pure gamma-
isomer of 1 ,2 ,3 , 4, 5 ,6 -hexachlorocyc lohexane ; A Product 
con ta in ing not l e s s than 99% of gamma-HCH i s a l s o c a l l e d 
Einda-ne ( i n t e r n a t i o n a l Organ i sa t ion fo r S t a n d a r d i z a t i o n , 
1976) a f t e r Van-der Linden who f i r s t d iscovered four 
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isomers of benzene hexachloride in 1912. The molecular 
formula is C H CI and the relative molecular mass is 
6 6 6 
2 9 0 . 9 . The s t r u c t u r a l fo rmula i s g i v e n i n F i g u r e 4. 
The s p a t i a l a r r a n g e m e n t of bonds p r e s e n t on 
l i n d a n e i s a l s o shown i n F i g u r e 4 . 
R e f e r e n c e has o f t e n been made i n t h e l i t e r a t u r e t o 
l i n d a n e a s g a m m a - h e x a c h l o r o c y c l o h e x a n e and 
gamma-benzene h e x a c h l o r i d e (Demozay, 19 76; Hanig 
e t a l . , 1 9 7 6 ) . HCH p roduced by p h o t o c h l o r i n a t i o n of 
benzene c o n t a i n s on l y 14-7 7% of fi'viL.-tiKcia 
T^^ . V a r i o u s 
t e c h n i c a l g r a d e s a r e a v a i l a b l e c o m m e r c i a l l y . In t h e 
U . S . A . , " f o r t i f i e d " HCH (FHCH) c o n t a i n s a m i x t u r e of a t 
l e a s t 5 i s o m e r s w i t h a minimum of 40-45% of t h e 
"jhdft,>j?.. (Hooker Chemica l C o r p o r a t i o n , 1 9 6 9 ) . In 
Japan and t h e USSR, t e c h n i c a l HCH has l i n d a n e 
c o n t e n t of 12-15% ( A l i e v , 1969; I n t e r n a t i o n a l Agency f o r 
R e s e a r c h on C a n c e r , 1 9 7 9 ) . 
Synonyns and Trade Nanes 
C h e m i c a l l y i t i s 1,2 ,3B, 4 , 5 , 6 B - h e x a c h l o r o c y c l o -
h e x a n e . 
Synonyms 
The v a r i o u s synonyms i n c l u d e Benzene h e x a c h l o r i d e ; 
BHC; Y-BHC; HCCH; HCH; ^VidUm.) Y - h e x a c h l o r o b e n z e n e ; Y-
1 ,2 ,3 , 4 , 5 , 6 - h e x a c h l o r o c y c l o h e x a n e . 
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Trade Names 
I t i s avai lable under various trade names such as 
666; Aalindan; Aficide; Agrocide; Agrocide I I I ; Agrocide 
WP; Ameisenmittel Merck; Ameisentod; Aparasin; Aphtir ia; 
Aplidal; Arbitex. BBH; Ben-Hex; Bentox 10; Bexol; 
Celanex; Chloresene; Codechine; DBH; Detmol-Extrakt. 
^ 
Physical and Chenical Properties 
Y-HCH (Lindane) i s a white c r y s t a l l i n e sol id powder 
with a melting point of 112.9 °C. I t i s s l igh t ly 
soluble in water and petroleum o i l s (10 ppm), moderately 
soluble in alcohol (67 gm/l i t re) and soluble in acetone 
and aromatic and chlorinated solvents (Gunther et^  a_l. , 
1968; Demozay and Marechal, 1973). I t has a fumigant 
J 
action and i s 100 times more v o l a t i l e than DDT. I t s 
vapour pressure i s 9.4 x 10 ram of Hg at 20 °C and can 
be vapourized in heated d ispensers . lindane i s s table 
to heat and carbon dioxide . I t does not undergo any 
change with strong acids; dechlorination occurs with 
\ a l k a l i . 
Uses 
In 1942, t h e use of HCH as an i n s e c t i c i d e was 
i n v e s t i g a t e d and t h e gamma-isomer p r o v e d t o be e f f e c t i v e 
a g a i n s t a wide s p e c t r u m of p e s t s such a s b i t i n g f l i e s , 
l i c e , f l e a s , t i c k s , and m i t e s a t t a c k i n g l i v e s t o c k 
( S l a d e , 1 9 4 5 ) . I t has been e x t e n s i v e l y used i n 
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agriculture, horticulture, and forestry as well as in 
public health programmes and veterinary medicine. 
Lindane as a preharvest treatment on fruits, vegetables, 
and other edible crops was commonly used earlier. In 
Europe and North America, its use on apples^citrus and 
berry fruits has been prohibited. It is, however, 
still being used in certain other countries. This 
insecticide is used on forage crops and cereals by 
application to plants or soil and as a seed dressing, 
alone or in combination with fungicides. It is 
sometimes used in the form of aerosols, smokes or 
vapours (Demozay and Marechal, 19 73). Lindane is also 
used extensively for control of ectoparasites on live 
stock, pets and domestic animals (Ray et_ al^ . , 1975). It 
has also been used as a spray against the mosquito, 
vector of malaria and triatomid vector of "chagas" 
disease. It is often applied in the form of water 
dispersible powder at target doses of 0.5 gra active 
ingredient per m^ . Household use of lindane is limited 
to an aerosol in combination with pyrithrins. It is 
effective against pediculosis (Knipl ing , 1947). Scabies, 
(James, 1972; Wooldridge, 1948; Maibach and Orkin, 
1985). 1% lindane is used in the form of lotions, 
creams and shampoo for human use. 
Formulations 
There are wettable powders of all concentrations, 
emulsifiable concentrates, 20% suspension, solutions in 
18 
organic solvents upto 50%, dusts between 0.5 and 3% 
granules between 3 and 4%, baits and preparations for 
fumigation. Pure (100%) crystals are also available. 
A.Exposure to Pesticides 
Liver is a major site of metabolism for 
xenobiotics. However, metabolism of different chemicals 
is assuming significance at the portal of their entry 
into the body, that is lungs. It is markedly influenced 
by the environment or prior exposure to other chemicals 
(Wattenberg and Leong, 1971). A number of lung diseases 
e.g. cancer, chronic bronchitis, emphysema and diffuse 
pulmonary fibrosis have been reported after 
occupational exposure to pesticides (Barthel, 1976; 
Madsen et aj^ . , 1976; Higgins, 1957; Higgins and Cochran 
1958; Morgan et al. , 1973; Weiner and Worth 1969; Newton 
and Breslau, 1983; ITRC, 1988; Rastogi et^  aJ. , 1989). 
In addition, Morgan et^  &1^. (1980) examined the 
morbidity and mortality in workers occupationally 
exposed to pesticides. Carcinogenic and oncogenic 
potential of certain insecticides has been established 
in animal experiments (Autrup et^  a^. , 1980) . Tar jan and 
Kemeny (1969) and Tomatis et^  aJ. (1972) reported the 
occurrence of benign lung adenomas and malignant 
pulmonary ttimours in BALE/C and CF-1 minimal bred mice 
when insecticides were given in diet in a 
mult igeneration study. Organ culture of foetal lung 
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t i s s u e from s t r a in A mice exposed to DDT through 
t ransp lacen ta l routes indicated an increase in oncogenic 
po ten t i a l of the pes t ic ides (Shabad et^  ^ . , 1972). 
Further, exposure of laboratory animals to various 
organochlorine in sec t i c ides (including lindane) e l i c i t e d 
other effects - porphyria, hypothyroidism, wasting 
syndrome leading to death (Rozman et^  a]^ « , 1986; Poland 
and Knutson, 1982). 
Ike 
In/USA, lung cancer i s a common cause of mortal i ty 
every year. The cause of lung cancer has often been 
a t t r i bu t ed to c i g a r e t t e smoking. According to Doll and 
Peto (1978), c iga re t t e smokers have an approximately 12-
16 fold higher r i sk of lu i^ cancer than non-smokers. 
According to Gao et_ al^. (1988) and Notani, (1990) other 
factors besides c iga re t t e smoking may be involved in the 
development of lung cancer; c i g a r e t t e smoking alone can 
not jus t i fy the increase in incidences of lung cancer. 
I t has been observed that densely populated and 
indus t r i a l i zed areas have higher death r a t e s from cancer 
than ru ra l a r ea s . There are repor ts that have 
described the prevalence of lung cancer in workers 
exposed to a var ie ty of pes t ic ides (Barthel, 1976; Wang 
and MacMohan, 1979; Hennekens et sQ. , 19 81; Bla i r et 
a l . . 1983). According to Sadoski (1980), pes t ic ide 
residues were three times higher in lungs of smokers 
than in non smokers, thus tending the former more 
suscept ib le to pulmonary damage. 
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B. Animal Model System 
I. Sources and Routes of Exposure 
The major route of pesticide exposure in 
occupational workers is through pulmonary route or 
inhalation; Dermal and percutaneous absorption also 
occurs to some extent (Ginsburg, et^  aJ^ . , 1977; Batchelor 
and Walker, 1954). 
Lungs provide the largest surface area constantly 
exposed to external environment (Witschi and Nettesheim, 
1982). Chemicals given at equivalent dosages are 
absorbed more rapidly and completely from the 
respiratory tract than the skin as indicated by a number 
of workers (Batchelor and Walker, 1954; Culver et^  al. , 
1956; Durham and Wolfe, 1962; Wolfe et a/l., 1959). 
Extensive application of pesticides results in 
massive exposure of population in general through food 
chain or water (Boyd and Chen, 1968). Food 
contamination also occurs through various sources 
including vapourizing devices. The free sale of such 
devices has led to their use in millions of homes. 
II. Toxicity due to Exposure 
Insecticide toxicity in laboratory animals 
during experimental studies or by accidental exposure 
may vary greatly depending on the route of administra-
tion. In acute studies in animals, variations in 
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toxicity are indicated by the LD50values which also vary 
according to route of administration. The oral and 
dermal LD^„ values of DDT in female rats are 118 and 
50 
2,510 mg/kg respec t ive ly indicat ing greater tox ic i ty 
through the ora l rou te . On the other hand, cer ta in 
compounds have been reported to be more toxic by dermal 
route than by ora l administrat ion for instance the oral 
LD^ ^ of carbamate in sec t i c ide , i solan in male r a t s i s 23 50 
mg/kg while the dermal LD^Q i s 5.6 mg/kg. The s i t e of 
administrat ion or in jec t ion a lso influences the t o x i c i t y 
of the compound. An aquous solut ion of isolan injected 
into mesentric vein of r a t (thereby reaching di rect ly to 
the l i ve r ) was found to be less toxic than when 
injected through the femoral vein reaching the general 
c i r cu la t ion . Further, parathion infused in to the 
hepatic por ta l system was more toxic than when injected 
through femoral vein reaching the general c i rcu la t ion 
suggesting that l i ve r may be involved in some way in the 
t o x i c i t y of ce r ta in chemicals. The tox i c i t y through the 
inhalat ion route i s often equivalent to tox ic i ty through 
intravenous route (DuBois and Gelling, 1959). 
Using dermal and re sp i ra to ry pad and a i r sampling 
techniques with ten pes t i c ide s , i t was found that 
r e sp i ra to ry exposures were approximately 0.02 t o 5.8 % 
of the t o t a l (dermal plus resp i ra tory) exposure. 
Further, the r e l a t i v e magnitude of the resp i ra tory 
exposure tended to vary with the formulation and the 
method of app l ica t ion . The r e l a t i v e resp i ra to ry exposure 
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was higher for aerosol and dust formulations than for 
dilute spray formulations. Respiratory exposures were 
also found to be relatively higher for workers operating 
concentrate spray machines than for those operating 
conventional high volumes dilute spray machines (Wolfe 
et al. , 1966) . Similar results for dermal and 
respiratory exposures were obtained by different workers 
with other conpounds such as parathion (Batchelor and 
Walker, 1954), malathion and chlorthion (Culver et^  
aJ^.,1956), methyl parathion (Quinby and Lemmon,1958), 
endrin (Jegier, 1964) and DDT (Wolfe et^  aj,. , 1959). 
Hayes and Pirkle (1966) studied 111 cases of pesticide 
poisoning noting the route of exposure in all of them; 
oral route accounted for 80 deaths, respiratory exposure 
for five, dermal exposure for one and combined exposure 
for 17 cases. 
III. Inhalation of lindane 
Respiratory exposure to 0.7 mg/m^  of lindane 
caused no significant pathological changes in various 
species of animals. Treon (1951) used this concentration 
per day for 5 days a week for about one year. In 
another study 0.19 mg lindane 24 hr/day for 655 days 
showed no pathological effect. These data suggest that 
0.7 to 0.8 mg/m is the minimum effect level in respira-
tory exposure for a period of 1-2 year (Treon, 1951). 
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IV. Metabolism 
a. Absorption 
The absorption of lindane is highly dependent 
on the carrier vehicle. For instance, in mice, the 
intestinal absorption of lindane, dissolved in peanut 
oil was 20% in 15-25 minutes; 40% in 3 hrs and 85% in 27 
hrs (Asperen, 1958). After the administration of lindane 
in alcoholic solution in mice, the absorption was 90% in 
6 hrs. One hr after intraperitoneal injection of an 
oily solution containing 40 mg of lindane per kg body 
weight in rats, 35% of the injected quantity was 
absorbed and after 24 hrs, 10% was still found in the 
abdominal cavity (Koransky et_ al^ . , 1963). 
In another study, approximately 10% of a topically 
applied dose of lindane (dissolved in acetone) was 
absorbed through the intact skin (Feldmann and Mai bach, 
1974) . However the penetration through the intact skin 
may vary from 10 to 90%, depending on the vehicle used 
and the site at which it was applied (Maibach et^  al . , 
1971). The compound is more readily absorbed through 
abraded skin (Ginsburg et^  ^ « , 1977). Increased 
percutaneous absorption has been reported in young 
rabbits (Hanig et^  aJ. , 1976) . The data may not be 
directly related to human infants (Kramer et^  al^ . , 1980). 
b. Distribution Pattern 
Lindane i s d i s t r i bu ted in various body organs 
soon a f te r exposure (Mottram et^ a l . , 1983; Lievremont et^  
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al. . 1981; Bienok, 1979; Engst et aj,. , 1977, 1979). The 
accumulation pattern of the compound is determined by 
the lipophilic character/ Kujawa et al_. (19 75) studied 
the distribution of lindane in various body tissues; 
Body fat is the major storage site while muscles, kidney 
and liver stored lesser concentrations. The accumulation 
of lindane in adipose tissue was also reported by 
Seidler et aJ. (1975). Kramer et^  aJ. (1980) reported 
the presence of lindane in the brain. Davidow and 
Frawley (1951) determined the distribution of lindane 
in various organs of/ They found that various 
organs of body stored lindane, less by a factor of 5-
10', than in adipose tissue. Residues of HCH and other 
organochlorine insecticides were estimated in the body 
organs, fat depot and blood plasma of a few species of 
Indian wild birds, pigeon and house crow (Kaphalia et^  
al. , 1981). Total HCH levels were high in lungs besides 
liver, heart and kidney. Accumulation of total HCH in 
breast muscles and spleen was higher in vultures than 
kite cattle erget. Concentration of lindane was maximum 
in these birds than other isomers (Kaphalia et^  al. , 
1981). Sadoski (1980) detected higher insecticide 
residues including those of lindane in human lurgs in 
postmortem analysis. Increased levels of lindane and 
other organochlorine insecticides have also been 
reported in occupationally exposed workers (Barthel, 
1976). Evidently the administration of lindane orally 
and through the respiratory tract resulted in the 
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accumulation of the compound in lungs besides brain, 
l i v e r and kidney. In the body , lindane i s d i s t r ibu ted 
in various organs but , consis tent with i t s l i poph i l i c 
charac ter , i t i s mainly stored in the fa t ty t i ssues 
(Kramer et^  aa . , 1980; Seidler et_ aj,. , 1975). 
Ullmann (1972 & 1974) described the metabolism of 
lindane in some d e t a i l . Other inves t iga tors also 
studied the behaviour of labelled and unlabelled lindane 
in various t i s s u e s . 
c. Biotransformation and Excretion of Lindane 
Liver i s the main s i t e of metabolism of 
l indane. The metaboli tes are excreted mainly in the 
urine and faeces. Lindane i s more readi ly cleared from 
the body than many other organochlorine insec t ic ides 
(Laug, 1948). Rats fed diet containing 8 mg/kg body 
weight of lindane for 10 days exhibited 17.3% of t o t a l 
14 C-Y-HCH (lindane) a c t i v i t y in urine and 13.8% in the 
faeces af ter 24 h r s . After 72 hrs , the respect ive 
values were 24.5 and 20.9% (Seidler et^  a J . , 1975). 
Lindane in a dose of 100 /ig/g for 10 days in diet showed 
less than 0.1 mg/kg of residues in mice three days af te r 
exposure. 
In t r ape r i tonea l administrat ion of lindane in ra t s 
resu l ted in the appearance of 2 ,3 ,5- t r ich lorophenol in 
ur ine . The metaboli tes were e i t he r in free s t a t e or in 
the form of conjugates of glucuronic acid (Grover and 
26 
Sims, 1965). In Sprague-^awly r a t s t rea ted with the 
pes t ic ides in the d ie t (approximately 10 mg/kg body 
weight), 3 ,4-di chlorophenol, 2 ,4 , 6-tr ichlorophenol, 
2 ,3 ,4 ,5 and 2 ,3 ,4 ,6- te t rachlorophenol and 2 , 3 , 4 , 5 - 6 -
pentachloro-2-cyclohexane-l-ol appeared in urine 
(Chadwick and Freal , 1972b). In other s tud ies , penta-
chlorobenzene , 2^3,4,6 and 2 ,3 , 5 , 6-tetrachlorophenol and 
2 ,4 ,6- t r ichlorophenol were a lso detected in urine 
(Engst et^  a l . , 1976a; Freal and Chadwick, 1973). 
The i^ v i t r o s tudies indicated that several 
mechanisms may be involved in the formation of 
t r ich lorophenols : (a) The major pathway i s d i rect 
hydroxylation of l indane and subsequent decomposition of 
the l ab i l e intermediate yielding 2 ,4 , 6-trichlorophenol 
(b) dehydrochlorination of l indane t o pentachlorocyclo-
hexene or dehydrogenation to hexachlorocyclohexene with 
addition of oxygen which follows dehydrochlorination 
forming 2 ,4 ,5- t r ichlorophenol and 2 ,3 ,4 , 6 - te t rach loro-
phenoKFreal and Chadwick, 1973) (c) hydroxylat ion of 
the intermediate tr ichlorobenzene (Tanaka et^  a l . , 1977). 
(d) microsomal reduct ive dehalogenation of lindane has 
also been suggested leading to the formation of lindane 
derived free r ad ica l s (Baker et_ a l . , 1985). 
Pretreatment of r a t s with other organochlorine 
pes t ic ides modified lindane metabolism possibly through 
increased oxidat ive degradation (Chadwick et^  a l . , 
1977a,b; Freal and Chadwick, 1973). 
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Pretreatment of r a t s with phenobarbital accelerated 
the r a t e of biotransformation of a- andY-HCH (lindane) 
(Koransky and Ullberg, 1964). 
d. Toxicology 
I. Acute tox ic i ty 
Biological p roper t i es or t ox i c i t y of lindane 
are under inves t igat ion since 1940. This insec t i c ide is 
primarily neurotoxic and s t imulates cen t ra l nervous 
system producing muscle contract ion and convulsions. 
Early symptoms of lindane in toxica t ion are manifested by 
headache, nausea, vomitt ing. I t i s a high contact 
i n sec t i c ide and i t s fumigant action i s about 50-10,000 
times more effect ive than other isomers (Matsumura, 
1985) . The ora l LDI^ Q of the compound in r a t s i s 125 mg 
per kg (Sherman, 1948). Respiratory fa i lu re and death 
occur in terminal s tages in mammals (Boyd and Chen, 
1968). Toxicity of l indane in di f ferent species have 
been studied in r e l a t i on to the route of exposure; LDj-^ -, 
data are given in Table 4^ Table 5 ^ summarizes LDp.^  
values in re la t ion to the route of exposure and vehicle 
used. 
Order of t ox i c i t y for d i f ferent isomers of HCH i s 
gamma > alpha > beta (O'Brien, 1967). The var ia t ion in 
chronic t ox i c i t y i s beta > alpha > gamma (Fitzhugh et_ 
a l . , 1950). Young animals are more susceptible to 
lindane than adult (Hayes, 1971). Lindane poisoning in 
28 
•^  
0) 
•H 
o 
a 
a 
OJ 
SH 
0 
«H 
«H 
•H 
T3 
C 
•H 
Si 
o 
X) 
J>> 
-P 
•H 
o 
o 
o n 
bol 
K 
•H 
O 
CO 
n (M lO 
00 
CO 
ft 
CD 
ft s 
>> 
be o 
CD - p 
CO O " 
CD CO 
" O O 
CD E 
m 
CO 
CO CSI CO CM 
o 
o 
CM 
ft 
CO 
o 
•H 
ft 
o 
E H 
nJ 
O 
• H 
ft 
0 
EH 
cci 
O 
—1 
ft 
0 
h^ 
o 
•H 
ft 
o 
E H 
SH 
o o 
SH 
o 
Si 
O 
1—1 
CO 
; 3 
0 
X ! 
0) 
X3 
O 
0 
O 
0 (J 
a 
o 
• H 
Si 
CD 
e 
o 
d 
0 
u 
o 
0 
u 
c as 
e 
0) 
o 
bO 
T3 
CD 
A) 
• f - l 
?1 
ft 
ft 
0 
X3 
CO 
CO 
aj 
Si 
bC 
+-> 
C 
0) 
CD 
• H 
Q a; 
CD 
CO 
0 
bO 
• H 
ft 
0) 
c 
o 
to 
? 
d 
-« 
r 
^y 
0) 
o 
•M 
X l 
0) 
> 
x: 
- p 
o 
-p 
c 
o 
•H 
•P 
a 
t—I 
(D 
iH 
E 
•H 
C 
« i 
P^ $-( 
O 
-P 
d 
u 
o 
0) 
C Qj 
ctS in 
CI CO 
• H O 
r - l ft 
X 
t p 0) 
O 
•P 
o 
Q C! 
U 
0 
o 
•H e 
Q) O 
>• «p 
erf 
E 
^^  
0 
X3 
o o 
4s •-( 
j j 
p nS 
C tH 
b D - P 
H C/3 
0 -P 
& C 
•-4 
O ctj 
IQ 
- N O 
bO 
i i ! CO 
-- - 0 
bO+J 
6 3 
- ' O 
C 
0 
5-1 
0 
O ' H 
Q - P 
J 73 
erf 
U 
0 
o 
CO 
ft 
E 
•H 
> 
• H 
CO 
0 
• P 
o 
0 
ft 
0 
£3 
0 
•P 
0 
O 
<fl 
0 
c 
•H 
c ^ 
•P rP 
«p erf 0 
t p ^ -p C 
erf 0 CO dJ 
fH -P p>>rP 
erf erf t i p>> 
p^ 3= U X 
o 
o 
I 
o 
o 
o 
in 
o 
in 
CO 
o 
o 
ca 
I 
in 
CO 
erf 
Pi 
o 
o 
o 
(M 
O 
O 
O 
r-l 
I 
o 
o 
in 
cq 
CQ 
1 
00 
00 
o 
o 
o CO 
O 1 
cq o i> 
in 
CO 
1 
> i 
X 0 
0 CO 
X3 0 
^^ r-l 0 
erf 3 -P 
O ^ (0 
rP erf 
t ( 0 ft 
0 O 
-P XI 
S-i >> O 
0 X! SH 
-P -P erf 
erf 0 +J 
0 
c 
0 
•p 
0 
O 
^ B m < 
rP 
•P 
^ 
o 
i n 
e 
0 
•p 0 
^ R 
-P 0 
erf p> 
fn 0 
erf O 
o cu < 
0 
C 
•P 
r^ 
r-t 
Orf 
+-> CO 
;>>rP 
U -P 
&5 
O 
i n 
a 
•p 
m t p 
erf 
H^ 
erf 
0 
a 0 
•P 
0 
O 
0 
•P 
erf 
iP 
erf 
XI 
+-> 
XI 
ft 
t p 
>> XI 
+J 
0 
E 
•p 
( J O ft <3 Q 
S 
erf 
0 
U 
o 
bO 
c 
•p 
si 
w 
.mJ 
c 
erf 
> 
o 
00 
o o 
O 00 
CO " * 
I I 
CNi i n 
eg 
o 
in 
I 
o 
CO O 
i p 05 
CSI 
in 
o 
m 
1 
in 
0 
CO 
13 
o 
o 
o 
CO 
o 
CO 
o 
o 
o 
o 
o 
o 
o in 
o 
o 
CO 
00 
00 
o CM 
tP O 
1 O 
O 'P 
o 
i n 
•P t> O 
a 1 o O CCI 
"* 
in 
in 
I 
csi 
bD 
•P 
ft 
erf 
0 
G 
•P 
n 
o 
+ j 
•p 
X I 
X2 
erf 
Di 
0 
• p 
CO 
cd 
ft 
•P 
erf 
0 
S 
o 
in 
o 
o 
in 
I 
o 
CO 
o 
o 
cq 
I 
o 
CO 
in o 
CO i P 
bD 
O 
Q 
-P 
erf 
O 
91 
3 
30 
p . americana r e su l t s in tremours, a taxia and convulsions 
in several cases (Sovit et al^. , 19 46) . I t i s reported to 
increase the r a t e of r e sp i r a t i on in i n sec t s . Oxygen 
consumption by 1 yug lindane in roach i s aln»st the same 
as tha t caused by 100 ^g of DDT in B la t t e l l a germanica , 
(Harvey and Brown, 1951). Abnormal fanning movement was 
a l so noted in the wings of lindane poisoned housefl ies 
(Busvine, 1954). 
The duration of exposure in re la t ion to 
concentration of l indane causing 50% mortali ty in 
Gammarus pulex has been studied by Abel (1980) . Lindane 
besides s t imulat ing the cent ra l nervous system, also 
ra i ses the blood pressure . Fal l in heart r a t e and an 
i r regu la r electroencephalogram are c h a r a c t e r i s t i c of 
poisoning in mammals (Matsijmura, 1985). Lindane does not 
accumulate in the body to any great extent (Laug, 1948) 
though residues and metabolites of the coirpound have 
been detectd in adipose t i s s u e , kidney and bra in . With 
other isomers of BHC and organochlorine insec t i c ides , 
l indane has been detected in human f o l l i c u l a r f luid 
(Trapp et^  a J . , 1984). Residues of lindane along with 
other chlor inated pes t ic ides have been reported in lungs 
of pa t i en t s suffering from lung cancer (Barthel , 1976 
and Sadoski, 1980). 
A case of severe but revers ib le hypoplastic 
anaania was reported a f t e r l indane exposure. A number 
of cases of hematotoxicity associated with occupational 
exposure to lindane have been reviewed by Morgan et a l . 
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(1980). Cases of porphyria cutanea tarda have also been 
reported with the use of lindane (Collins et^  aA. , 1982). 
II. Biochemical Effects 
Oral ingestion of lindane and other chlorin-
ated hydrocarbon insecticides resulted in an increase in 
serum alkaline phosphatase activity (Dikshith et^  al. , 
1989). 
Effects of lindane on amylase secretion and 
inositol phospholipid metabolism in mouse and guinea 
pigs were studied (Crouch and Roberts, 1985). Lindane 
has also been reported to influence various enzyme 
activities of liver and kidney of rats (Srinivasan and 
Radhakrishnamurty, 1977, 1988). Aminotransferase and 
phosphatase activities of liver were altered, those of 
kidney remained unaffected. In male albino rats (20 
days old) fed with 0.5 to 6.0 ppm lindane for four 
weeks, variable changes were found in enzyme activities 
in liver (Srinivasan and Radhakrishnamurty, 1977). 
Weanling male rats treated with 800 ppm of beta and 
gamma isomers orally exhibited altered activities of 
certain enzymes in liver and kidney. Toxicity was 
marked during the third week which resulted in coma and 
death (Srinivasan and RadhaKrishnamurti, 1977). Oral 
administration of lindane (2 mg/100 g body weight per 
day) in rats for 15 days resulted in altered activities 
of glutamate oxaloacetate transaminases in tissues and 
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serum (Tiwari et_ aJ. , 19 82), Weanling rats had decreased 
levels of vitamin A in liver (Phillip and Hatina, 
1972) . 
III. Energy Metabolism 
The deleterious effects of various organo-
chlorine insecticides on energy metabolism are known 
(Onikienko, 1964; Fukami, 1976; Barros and Saliba, 1978; 
Pardini et^  aJ^ . , 1980). Several reports exist implicating 
inhibition of ATPase as a biochemical lesion leading to 
neurotoxic manifestations (Desaiah et^  a2.,1975; 1977a, b, 
1979; Desaiah, 1980; Folmar, 1978). 
+ 2 +2 
Mitochondrial and microsomal Ca, Mg -ATPase 
system maintains the cellular level of calcium; 
+ 2 Mitochondrial Mg -ATPase (oligomycine sensitive) plays 
an important role in ATP production. These enzymes are 
influenced by various organochlorine insecticides 
(Cutkomp et^  aJ^ . , 1971; Koch et^  aJ^ . , 1971; Yap et^  al . , 
1975; Bhaskaran, 1988; Srinivasan and Radhakrishnamurty, 
1988). First report on the inhibition of ATPases by 
organochlorines came from Matsumura and Narahashi 
(1971). Thereafter, Koch, Matsumura and others worked 
-*-2 +2 
on Mg -ATPase and Ca -ATPase to investigate the mode of 
action of organochlorine pesticides. Lindane has been 
reported to interfere in Kreb's cycle (Griffaton et^  al. , 
1978). Succinic dehydrogenase and other enzymes of 
Kreb's cycle were also inhibited by organochlorine 
33 
i n sec t i c ides (Bhatia et^  a l . , 1972a, b; Srinivasan and 
Radhakrishnamurty, 19 88; Bhaskaran, 19 88 and Dubey et 
a l . , 19 84) . Paraquat i s reported to increase the 
a c t i v i t y of cytochrome-c-reductase and succinate 
cytochrome«C —reductase (Yamaxnoto et^  aJ^.,1987; Dubey et^  
a l . , 19 84) . 
IV. Xenobiotic Metabolizing System 
Pes t ic ide in te rac t ion with the enzymes of 
mixed function oxidase system local ized in microsomal 
f ract ions may lead to a l t e red effect iveness of enzymes 
involved in the metabolism of p e s t i c i d e s . This may also 
influence the res i s tance to pes t ic ide t o x i c i t y . Hart et^  
a l . (1963) reported the effects of technical chlordane 
and i t s y i somer on hepat ic drug metabolizing enzymes. 
Hart and Fouts (19 63 )published s imilar effects of DDT on 
the hepatic microsomal enzjmies. Daily oral administra-
t ion of lindane st imulated the aminopyrine N-
demethylase a c t i v i t y in c a t t l e and sheep (Ford et_ a l . , 
1976). Ullmann (1973) a l so reported induction of hepatic 
drug metabolizing enzymes by l indane. Changes induced 
by a-isomer of HCH on mixed function oxidase system of 
l i v e r have a l so been reported (Shurlt-Hermann et^  a l . , 
1974). Induction of hepatic drug metabolizing enzymes 
by HCH has also been reported by other workers (Mikol et^  
a l . , 1980; Srinivasan and Radhakrishnamurti, 1977; 
Tonkelar and Van Each, 1974; Madhukar and Matsumura, 
1979; Albrecht et^  aJ,., 1980; Ford, et^  a l . , 1972). 
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Campbell et_ aJ . (1983) reported induction of hepatic 
mixed function oxidases by a number of organochlorine 
in sec t i c ides including l indane. In another study 
benzo(a)pyrene hydroxylase was a l so reported to be 
induced by cer ta in organochlorine insec t i c ides (Haake et^  
aJ . , 1987). 
V. Lipid Peroxidation 
Lipophi l ic toxicants accumulate in the body 
and may induce t o x i c i t y through inac t iva t ion of 
biomembrane enzyme systems releasing peroxides and free 
r ad ica l s that damage c e l l membranes (Lewis and Wills, 
1962; Videla et aJ.. , 1990). 
I n t r a c e l l u l a r ant ioxidants combat l i p id peroxida-
t ion (Utley et^  al^. , 1967). Glutathione, peroxidase and 
ca ta lase cons t i tu t e another system providing defence to 
ce l l membranes (Videla et^  aJ . , 1990) . Various toxicants 
and chemicals such as NO2 , e thanol , chlor inated 
hydrocarbons, organophosphates, herbicides and 
pes t ic ides causing l i p i d peroxidation have been studied 
in depth (Recknagel and Glende, 1977; Sharma, 1979). 
Peroxidation of l i p id s by paraquat in mammalian t i s sue 
has also been reported (Baldwin et^  a^. , 1975). 
Increased l i p i d peroxidation in human serum was also 
reported in a case of accidenta l ora l poisoning of 
paraquat (Yasaka et^  al^. , 19 81) . Lipid peroxidation in 
lungs and l i v e r s of r a t s exposed to DDT and endosulfan 
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was studied by Narayan et^  al_. (1985b). TCDD induced 
lipid peroxidation in hepatic and other tissues (Al-
Bayati et^  al^ . , 1987; Al-Bayati and Stohs, 1987). Small 
doses of HCH administered orally induced changes in 
lipid peroxidation in rats (Alleman et^  a]^. , 1985). 
Induction of lipid peroxidation hajy been 
reported after oral administration of HCH and other 
chlorinated compounds in liver (Junqueira et^  al.« , 1986; 
Goel et al. , 19 88 ) . 
VI. Influence on the Toxicity of other Insecticides and 
Xenobiotics 
It has been reported that liver microsomal 
enzyme system is stimulated by certain insecticides 
including lindane. This alters the ability of the 
enzyme system to metabolize chemicals resulting in the 
phenomenon of synergism or potentiation. 
Liver is the primary site for the metabolism of 
various chemicals, insecticides and other compounds. 
However, lung assumes significance on account of 
exposure of external environment. Pulmonary health 
hazards associated with pesticides exposure may be due 
to pesticides or insecticides with other chemicals. 
Nehez et^  aA. (1988) examined occupational workers 
exposed to agrochemicals and did not find chromosomal 
aberrations in persons working in closed space. 
Chromosomal aberrations were evident in subjects exposed 
to pesticides in open fields. j_The risk of liver cancer^ 
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in farm workers handling pes t ic ides and other chemicals 
was more than in farmers (Suarez et^  a]^. , 19 89). Smoking 
with occupational exposure enhances the r i sk of lung 
cancer among Indus t r i a l Workers (Beacher et aj.. , 19 89). 
Rupa et al_. (1988) and Keplinger and Deichmann (1965) 
studied the in te rac t ions of two insec t ic ides or 
combination of i n sec t i c ide with a drug or chemical(s) . 
Stimulation of in v i t r o metabolism of hexobarbital , 
f\ aminopyrine and chloropromazine by pretreatment with 
J chlordane which s t imulates hepat ic microsomal enzyme 
a c t i v i t y was e a r l i e r reported by Hart et^  a]^. (1963). 
Chlordane in combination with Dl-ethionine inhibi ted the 
induced changes in enzyme a c t i v i t y . 
Hart and Fouts (1965) and Cook and Wilson (1970) 
suggested that phenobarbitone may be used to accelera te 
the metabolism and excretion of d ie ldr in in farm 
animals. Ford et^  a^.. (1972) inves t iga ted the effect of 
phenobarbital pretreatment on the t o x i c i t y of carbon 
t e t rach lo r ide (CCl ) , halothane and a-naphthylisothio-
cyanate (ANIT). Other workers a lso reported that the 
fa te of various chemicals or tox ican ts may be modified 
as a r e s u l t of pretreatment with ce r t a in drugs and 
pes t ic ides (Lange, 1967; Kato et^  a l • , 1969; Koransky e^ 
a l . , 1964a; Street and Chadwick, 1967; S t r ee t , 1968; 
Chadwick and Freal , 1972a). 
Metabolism of lindane in r a t s pre t rea ted with 
various organochlorine insec t i c ides was studied by 
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Chadwick et_ aJ^. (1977a). Treatment of animals with 
mirex, EPN, p -n i t ro aniso le , methyl orange and DDT 
accelera ted the metabolism of lindane ±n_ vivo. BHC has 
been reported to protect r a t s from the toxic effects of 
cardiazole (Herken et^  aJ . (1952), lindane being more 
effect ive than BHC. Further treatment with BHC induced 
tolerance to s c i l l i c o s i d e which was abolished by CFT-1201 
or ethionine (Koransky et^  al^ * , 1964b). In another 
study, i t was found that pretreatment of r a t s with 
lindane increased the metabolism of ant ipyr ine in l i ve r 
and reduced the hexabarbi tal sleeping time (Hedman et_ 
a l . , 1971). Impaired metabolism of lindane by pre-
treatment with chlorobenzene has a lso been reported by 
Chadwick et al,. (1983). 
In a study conducted by Waliszewski and 
Szymezynski, (1986) tobacco (which i s a major source of 
benzo( a)pyrene and other carcinogens) was found to 
contain res idues of various organochlorine pest ic ides 
including isomers of BHC. In another study, Quinby et^  
a l . (1965) reported increased t i s sue storage of DDT and 
DDE among heavy smokers. 
VII. Histological Changes 
Histologica l changes in skin and other body 
t i s sues in HCH and l indane exposed subjects have been 
reported. In occupational workers, prolonged exposure 
produced dermat i t i s and u r t i c a r i a amongst persons 
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exposed to lindane vaporizer (Hayes, 1971; Morrison, 
1972). In another study conducted with technical HCH 
and its isomers, histological changes in various body 
organs were found after oral administration of the 
conpound alone (Phillip et^  al. , 1989) or when given 
with diet (Srinivasan et^  a_l. , 1984). Oral intubation of 
Lindane alone or in combination with parathion also 
produced histological changes in liver. 
Emphysena, interstitial and intra-alveolar fibrosis 
of lung tissue along with changes in liver and kidney of 
adult mice after oral intubation of technical grade 
hexachlorocyclohexane are on record (Phillip et^  al. , 
1989). Buhler et^  al_. (1969) also reported congestion 
and degenerative changes in the kidney tubules and 
necrosis of tubular epithelium following DDT treatment. 
High doses of HCH given for prolonged periods 
induced hepatocellular changes in liver (Fitzhugh et^  al. 
1950; Goto et^  aJ^ . , 1972a,b) in rats. Histopathological 
changes in kidney, heart and spleen of male rats were 
also found (Barros and Saliba, 1978). These included 
necrosis of liver cells and tubular hyaline degeneration 
in kidneys. Testicular atrophy and spermatogenic arrest 
were also found in inbred mice (Nigam et^  a_l. , 1979) and 
albino rats fed technical HCH (Shivanandappa and 
Krishnakvunari, 1983). Srinivasan et^  aJ. (1984) also 
reported hypertrophy and degeneration of renal tubular 
epithelium and pathological lesions in testis of lindane 
treated rats. 
PLAN OF WORK. 
39 
PLAN OF WORK 
1. Animals 
ITRC bred male albino rats (Wistar strain), ISO-
ITS gm, were used. The animals were maintained on a 12 
hr light dark cycle and had food and water ad_ libitum 
except for 12 hr before experiments. 
2. Pesticide and Chemicals 
The experiments were conducted with lindane 
(X?> described below. The chemicals used in various 
experiments were of highest purity, AR (BDH) or GR^  E. 
Merck {'itoAW^ dojit ). 
3. Experimental Design and Dosage Schedule 
Lindane u)flJ?> dissolved in peanut oil 
and administered intratracheally in rats in a dose of 5 
mg/kg body weight. 
Intratracheal administration 
Lindane was administered intratracheally by the 
procedure described below. Rats were anesthetized by 
ether. Under light ether anesthesia, trachea was 
exposed by a mid line incision in the overlying skin. 
Lindane (in peanut oil) was injected deep in the 
trachea, keeping the volume of the solution as small as 
possible. After the injection the skin was stitched 
using suturing needle and thread. The innoculated 
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animals were put in cages (One in each cage) and kept 
under o b s e r v a t i o n for 12 h r . The animals were 
d e c a p i t a t e d 1,3 and 5 days a f t e r t r e a t m e n t . Blood was 
c o l l e c t e d and va r ious organs removed for enzyme 
e s t i m a t i o n s and h i s t o l o g i c a l s t u d i e s . 
4 . Enzyme Estimations 
In vivo: The enzyme a c t i v i t i e s in var ious body t i s s u e s 
were measured in ( i ) whole homogenate ( i i ) mi tochondr ia l 
suspension and ( i i i ) microsomal p r e p a r a t i o n . 
In v i t r o : The enzyme a c t i v i t i e s iji v i t r o with d i f f e r e n t 
c o n c e n t r a t i o n s (10, 100, 1000 ppm) of l i ndane were a l s o 
determined. 
5 . Lindane-Metabolites 
Lindane and i t s m e t a b o l i t e s were e x t r a c t e d from 
var ious t i s s u e s , b lood, u r i n e , faeces and es t imated on 
GLC. 
6. Preservation of Tissue 
Lui^ t i s s u e was removed from each animal and 
processed s e p a r a t e l y for h i s t o l o g i c a l s t u d i e s . 
Resu l t s were analysed using a S t u d e n t ' s ' t ' t e s t 
(S tee l and T o r r i e , 1980) . 
CHAPTER-II 
STUDIES ON ENZYMES OF 
TISSUE HOMOGENATES. 
MATERIALS AND METHODS 
Chemicals 
Disodium phenw?. phosphate was ob ta ined from Sigma 
Chemical Company; DL-aspara te and a - k e t o g l u t a r a t e were 
obtfljr\eol from SI SCO Research Labora to ry . Other 
chemicals were of h ighes t p u r i t y , BDH (AR) or E. Merck 
Preparation of Homogenate 
Tis s ues were homogenized in 0. Pot ter -Elvehjem 
homogenizer f i t t e d with a T e f l o n p e s t l e . ^ l ^ / ^ ( ^ / v ) 
homogenate of lung, l i v e r and b r a i n was prepared in 
medium con ta in ing 0.25 M sucrose or 0.05 M phosphate 
buffer (pH 7 . 4 ) , 10 mM imidazo le , 1 mM EDTA. 
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Separation of Serum 
Freshly collected blood was allowed to clot at 
room temperature. After 10 min, the tubes were 
placed in ice bath for 1 hr and serum separated by 
centrifugation at 2000 rpm for 10 min. It was 
transferred to small clean tubes and stored frozen UYiut 
used for enzyme analysis. 
Enzyme Assays 
Acid phosphatase: Orthophosphoric monoester phosphohy-
drolase (E.G. 3.1.3,2) 
Enzyme activity was assayed by the method of 
Wooton (1964a) 4oY <Jicic/ /JVvi4 ^IbiJ^KJL f'lt^|!>l^a*C AvU Wftottrvi 
^l<\fcM \o) WUY CnOT t^^vJi OnPT (enj ihSUY /*>tlLAv<ifto<^ wU.+U<A^ wdkt^ 
Reagents 
( i ) 0 .01 M Disodium phenyl phosphate 
( i i ) 0 .5 N Sodium hydroxide (NaOH) 
( i i i ) 0.5 M Sodium b i c a r b o n a t e (NaHCOo) 
( i v ) 0.03 M, 4-ani inoant ipyr ine 
(v) 2.4% Potassium f e r rocyan ide K_Fe(CN)^ 
c:^  3 D 
h^  (vi) 0.2 M Citrate buffer (pH 4.0) 
(=\ 
Procedure 
The assay system consisted of a total volume of 
2.1 ml; 1.0 ml of 0.01 M disodium phenyl phosphate, 1.0 
ml of 0.2 M ci^r-ate buffer (pH 4.0) and 0.1 ml of 10% 
(w/v) tissue homogenates. The reaction mixture was 
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i ncuba ted for 60 tnin. a t 37 "c. The r e a c t i o n was stopped 
by the a d d i t i o n of 1.0 ml of 0 .5 M NaOH; colour was 
developed by a d d i t i o n of 1.0 ml of 0.05 M NaHCO 
followed by 1.0 ml of 0.03 M 4-aj i i inoantipyrine and 1.0 
ml of 2.4% K^Fe(CNV in the r e a c t i o n mix tu re . I n t e n s i t y 
of the colour was read immediately a t 510 nm and 
a c t i v i t y was expressed as ;u moles of phenol 
l ibe ra ted /min /mg p r o t e i n . 
Alkaline phosphatase: orthophosphoric monoester phospho-
hydrolase (E.C. 3 , 1 . 3 . 1 ) 
The enzyme a c t i v i t y was measured by the method of 
Wooton (1964a) b r i e f l y descr ibed as below. 
The assay system c o n s i s t e d of 1.0 ml of 0.5 M 
carbona te buffer (pH 1 0 . 0 ) , 1.0 ml of 0.01 M disodium 
phenyl phosphate and 0 .1 ml of t i s s u e homogenate (10%). 
The r e a c t i o n mixture was incubated fo r 15 min. a t 37 ^ . 
The r e a c t i o n was t e rmina t ed by the a d d i t i o n of 0.8 ml of 
0 .5 N NaOH. I t was fol lowed by 1 .2 ml of 0 .5 M sodium 
b i c a r b o n a t e , 1.0 ml of 0.03 M 4-aminoantipjrr ine and 1.0 
ml of 2.4% K2Fe(CN)g . Colour was read immediately a t 510 
nm. Enzyme a c t i v i t y was expressed as p. moles phenol 
l ibe ra ted /min /mg p r o t e i n . 
Glutamate oxaloacetate transaminase (GOT) L-asparatej 2 -
oxoslnta.ra.te a.mlnotr&nster&se (E.C. 2.6,1,1) 
The enzyme a c t i v i t y was assayed by the procedure 
de sc r ibed by Wooton (1964b) . 0.2 M DL-asparate and 
44 
0 .002 M a - k e t o g l u t a r a t e d i s s o l v e d i n 0 . 0 5 M p h o s p h a t e 
b u f f e r (pH 7 . 4 ) was u s e d a s s u b s t r a t e . 
Reagents 
( i ) 0 .2 M DL-Aspa ra t e 
( i i ) 0 . 002 M a - K e t o g l u t a r a t e 
( i i i ) 0 . 001 M, 2 - 4 - D i n i t r o p h e n y l h y d r a z i n e (DNPH) 
( i v ) 1 N Sodium h y d r o x i d e (NaOH) 
(v) 0 . 05 M P h o s p h a t e b u f f e r pH 7.4 
Procedure 
The a s s a y sys t em c o n s i s t e d of 0 .3 ml s u b s t r a t e , 
0 . 2 ml enzyme. The t u b e s were i n c u b a t e d a t 37 *C f o r 60 
m i n . The r e a c t i o n was t e r m i n a t e d by t h e a d d i t i o n of 0 .5 
ml of 0 . 0 0 1 M 2 , 4 — d i n i t r o p h e n y l h y d r a z i n e (DNPH). The 
t u b e s were a l l o w e d t o s t a n d f o r 20 min . a t room 
t e m p e r a t u r e . In each t u b e , 2 .0 ml of 1 N NaOH was 
a d d e d , f o l l o w e d by 3.0 ml of d i s t i l l e d w a t e r . C o n t e n t s 
were mixed and a l l o w e d t o s t a n d a t room t e m p e r a t u r e f o r 
10 min . Co lou r was r e a d a t 510 nm. The enzyme a c t i v i t y 
was e x p r e s s e d a s / i moles of p y r u v a t e formed/min/rag 
p r o t e i n . 
Glutamate pyruvate t ransaminase (GPT) ( L - a l a n i n e - 2 -
o x o g l u t a r a t e a m i n o t r a n s f e r a s e (E.G. 2 . 6 . 1 . 2 ) 
The method of Wooton ( 1 9 6 4 b ) , o u t l i n e d be low, was 
used f o r measu r ing t h e enzyme a c t i v i t y . 
-0 
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The steps were the same as described above for 
GOT. However, 0.2 M DL-alanine was used instead of 
aspartic acid and incubation was done for 30 min. The 
enzyme activity was expressed as p. moles of pyruvate 
formed/min/mg protein. 
Estimation of Protein 
r-
Reagents 
(i) 2% Na2C03 in 0.1 N NaOH 
(ii) 2% Na-K tartrate 
( i i ) 1% copper s u l p h a t e (CuSOh.5H20) 
( i v ) Copper r e a g e n t : 98 ml Na2C0o + 1.0 ml CuSOij 
s o l u t i o n + 1 . 0 Na-K t a r t r a t e . 
' Procedure 
5 The bovine serum albumin was used as s t a n d a r d . The 
^ enzyme suspens ion was p r e c i p i t a t e d wi th equal volume of 
'*^  10% TCA. I t was l e f t overn igh t and c e n t r i f u g e d a t 2000 
rpm f o r 10 minu te s . The p r e c i p i t a t e was d i s so lved in 1.0 
ml of 0.1 N NaOH and d i l u t e d t o 5 ml with d i s t i l l e d 
wate r . 0 ,5 ml a l i q u o t of the above s o l u t i o n was d i l u t e d 
t o 1.0 ml with d i s t i l l e d water and 5.0 ml coppert 
r eagen t added. The mix tu re was kept fo r 15 min a t room 
L 
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^ Ftemperature and the colour was developed by the addition 
i^  of 0.5 ml Folin reagent. After 30 min the colour was 
'=» read at 660 nm using a spectrophotometer. L^ 
RESULTS 
In Vivo Studies 
Effect of intratracheally administered lindane on acid 
phosphatase activity in the lungs of rats 
The enzyme activity in lung homogenate of lindane 
treated animals was significantly increased 1 day after 
intratracheal administration of insecticide, the increase 
in enzsme activity being about 36%. After five days, no 
change in the level of acid phosphatase activity was 
found in the lung tissue of rats (Table 1). 
Effect of intratracheally administered lindane on 
alkaline phosphatase activity in the lung honogenates of 
rats 
The values of alkaline phosphatase activity in 
lung tissue of control and treated animals are given in 
Table 1. It is evident from Table 1 that alkaline 
phosphatase activity was significantly increased in 
lindane treated animals 1 day after exposure, increase 
in activity being about 20% in treated animals as 
compared to controls. However, five days after 
treatment, the increase in enzjTue activity was only 10% 
(Table 1). 
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TABIE - 1 
Effect of in t ra t rachea l ly administered lindane on acid and alkal ine phosphatases 
of lung and l i v e r of r a t s - 1 , 3 and 5 days a f te r t reatment. Each figure 
represents the mean + SE of s ix animals. 
Treatment Tissue 
Time Interval 
(in daj/s) 
Acid 
phosphatase 
Alkaline 
phosphatase 
Control Lung 
Lindane Lung 
Control Liver 
Li ndane Liver 
1 
3 
5 
1 
3 
5 
1 
3 
5 
1 
3 
5 
3.47+0.29 
3.61+0.16 
3.80+0.18 
4.72+0.20* 
(+36) 
4.35+D.09** 
(+20) 
4.061:0.24 
17.96+0.63* 
18.14+0.46 
18.76+1.15 
21.10+0.89** 
(+18) 
19.02+0.74 
19 .44+1.59 
5.55+0.24 
5.42+0.14 
5.33+0.06 
6.68-K).19** 
(+20) 
6.17+0.11** 
(+14) 
5.84+0.16** 
(+10) 
3.95+0.13 
3.54t0.16 
4 .X+0.61 
3.32+0.23 
3.54+0.16 
4.20+0.22 
Ai male phenol liberated/fein./mg p ro te in . 
Figures in parentheses indica te % chan^ , increase (+) in t reated animals 
as compared to controls of corresponding groups. 
•Signif icant ly different from the values of corresponding controls (P < 0.01) 
**Signifleantly different from the values of corresponding controls (P < 0.05) 
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Effect of intratracheal lindane treatment on liver acid 
phosphatase activity 
The changes in enzyme activity in liver homogenate 
1, 3 and 5 days after treatment are given in Table 1. 
Acid phosphatase activity of liver increased 
significantly 24 hrs after lindane treatment. However, 
the enzyme activity returned to normal 5 days after the 
administration of lindane (Table 1). 
Effect of intratracheal lindane treatment on the 
activity of alkaline phosphatase in liver of rats 
The values of enzyme activity in controls as well 
as lindane treated animals are given in Table 1. The 
enzyme activity was not significantly changed 1 , 3 or 5 
day after treatment in the liver (Table 1). 
Effect of intratracheal lindane treatment on serum acid 
phosphatase activity 
Changes in serum acid phosphatase activity 1, 3 
and 5 days after lindane treatment are given in Table 2. 
The enzyme activity was significantly increased (57%) 1 
day after lindane treatment. The activities of exposed 
serum level of enz5mies showed no significant change and 
returned to normal after 5 day (Table 2). 
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TABLE - 2 
Effect of i n t r a t r ad i ea l l y administered lindane on r a t serum phosphatases 
1, 3 and 5 days a f te r treatment. All values a re mean + SE of s ix 
animals in eadi group. 
Treatment 
C o n t r o l s 
Lindane 
Time I n t e r v a l 
( i n days) 
1 
3 
5 
1 
3 
5 
Acid 
phosphatase 
24.97±1.50 
M.86+1.21 
23 .26+1.06 
39.28+1.86* 
(+57) 
30.11+1.05** 
(+21) 
24.63+1.84 
Alka l ine 
phosphatase 
306.81+16.31 
310.53+13.20 
314.60+20.71 
400.40+14.52* 
(+31) 
375.39+10.26** 
(+21) 
352.02+24.39 
}i TidXe phenol l iberated/min./ml serum. 
Figures in parentheses indica te % increase (+) in t reated animals 
as cctnpared to controls of corresponding group. 
*Significantly different from the values of corresponding controls (P < 0.01) 
**Significantly different from the values of corresponding controls (P < 0.05) 
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Effect of lindane treatment on serum alkaline 
phosphatase activity 
The level of serum alkaline phosphatase activity 
was significantly increased 1 day after exposure to 
lindane (Table 2), the increase in the level of enzyme 
activity being about 31% in treated animals as comparted 
to controls (Table 2). The enzyme activity returned to 
normal 5 days after treatment with lindane (Table 2). 
Effect of intratracheal lindane treatment on acid 
phosphatase activity of rat brain 
The enzyme activities 1, 3 and 5 days after 
lindane treatment are given in Table 3. The acid 
phosphatase activity in treated animals was not 
significantly different from control values at different 
time intervals (Table 3). 
Effect of intratracheal lindane treatment in brain 
alkaline phosphatase activity 
The enzyme activity 1 day after lindane 
administration was not significantly different from 
control values (Table 3). However, a slight but 
significant increase in enzyme activity was found 5 days 
after lindane treatment (Table 3). 
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TABLE - 3 
Effect of in t ra t rachea l ly administered lindane on the ac t iv i ty of brain 
phosphatases in r a t - 1 , 3 and 5 days a f te r t reatment . Each figure represents 
the mean + SE of s ix animals in eadi group. 
Treatment 
Controls 
Lindane 
Time 
(in 
In terva l 
I days) 
1 
3 
5 
1 
3 
5 
Acid 
phosphatase 
4 .86+0.09 
4.61jp. l4 
4.34+0.37 
4.84+0.20 
4.72+0.17 
4.95+0.25 
Alkaline 
phosphatase 
8.21+0.39 
8.114P.18 
7.86+0.26 
8.77+0.47 
8.95+0.33 
9.22iP.22** 
(+17) 
;u mole phenol l ibera ted/min./mg pro te in . 
Figures in parentheses indica te % change, increase (+) in t rea ted animals 
a s conpared to controls cf cxtrresponding groups. 
**Significantly different from the values of corresponding controls (P < 0.05) 
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Effect of intratracheal lindane treatment on GOT and GPT 
activities in rats 
The intratracheaUyadministered lindane in rats 
did not induce changes in the activities of glutamate 
oxaloacetate transaminase (GOT) and glutamate pyruvate 
transaminase (GPT) in lungs and serum of rats (Table 
4). 
In Vitro effect of lindane on enzymes of rat lung, liver 
and brain homogenates 
Lung: 
The changes in acid phosphatase activities deter-
mined at 10, 100 and 1000 ppm concentrations of lindane 
after pre-incubation of enzyme are given in Table 
5. Treatment with lindane at all concentrations resul-
ted in an increase in acid phosphatase activity which 
was significant at a concentration of 10 ppm of lindane. 
At higher concentrations, significant changes in the 
enzyme activity i^ vitro were not observed (Table 5) . 
The results also indicate an increase in alkaline 
phosphatase activity of lung homogenate j ^ vitro at 10, 
100 and 1000 ppm concentration of lindane. The enzyme 
activity was significantly increased (30%) with 1000 ppm 
concentration of lindane (Table 5). 
The j^ vitro treatment with different 
concentration of lindane did not result in significant 
changes in the activities of glutamate oxaloacetate 
transaminase (GOT) or glutamate pyruvate transaminase 
(GPT) . 
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TABLE - 4 
Effect of in t ra t racheal ly administered lindane on the leve l of lung and 
serum transaminases of r a t s - 1 , 3 and 5 days a f te r treatment. Each figure 
r ^ r e s e n t s the mean ± SE of s ix animals. 
Treatment 
Control 
Li ndane 
Cbntrol 
Lindane 
T issue 
Lung* 
Lung* 
Serum** 
Serum** 
Time I n t e r v a l 
( i n days ) 
1 
3 
5 
1 
3 
5 
1 
3 
5 
1 
3 
5 
Glutamate 
o m l o a c e t a t e 
t r ansaminase 
0.76+0.10 
0 .8140.06 
0.83+0.09 
0.79+0.09 
0.77+0.02 
0.80+0.08 
49.28+6.33 
48.1 6+3.12 
50.58+2.31 
51.84+5.69 
50.14+2.31 
49.72+4.4 3 
Glutamate 
pyruvate 
t ransaminase 
0.37+0.04 
0.4140.03 
0.45+0.05 
0.34+0.04 
0.41+0.05 
0.4 7+0.05 
33.72+5.87 
31.16+2.95 
32.72+2.35 
30.2-^1:3.53 
31.11+2.03 
32.78+2.82 
*M male pyruvate/min./mg pro te in . 
**ti mole pyruvate/min./ml serum. 
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TABIE - 5 
In v i t r o e f fec t of l i ndane on r a t lung enzymes. 
A l l va lues a r e mean + S.E. from f o u r r e p l i c a t e s . 
Enzymes 
0.0 
Lindane Cbncent r a t ions (ppm) 
10 100 
A l k a l i n e 
phosphatase 
5.07+0.14 5.59+0.37 
1000 
Phosphatases+ 
Acid phosphatase 3.56-K).04 4.42+1.32** 3.76-K).23 3.60+0.09 
(+24) 
5.84+0.23 6.61+1.44* 
(+30) 
Transaminases# 
Glutamate 
o x a l o a c e t a t e 
t ransaminase (GOT) 
Glutamate 
pjrruvate 
t ransaminase (GPT) 
0 .8640.01 
0.48+0.04 
0.86-t0.02 
0.50+0.04 
0.85+0.02 
0.4 7+0.05 
0.87+0.02 
0.51+0.03 
+Aimole phenol l i b e r a t e d / m i n./mg p r o t e i n . 
#}iaole pyruva te /min . /n^ p r o t e i n . 
F igures in pa ren theses i n d i c a t e % i n c r e a s e (+) i n t r e a t e d a s 
conpared to c o n t r o l s . 
* S i g n i f i c a n t l y d i f f e r e n t from t h e c o n t r o l s (P < 0 . 0 1 ) . 
* * S i g p i f i c a n t l y d i f f e r e n t from t h e c o n t r o l s (P < 0 . 0 5 ) . 
TABLE - 6 
In v i t r o effect of lindane on r a t l i ve r and brain phosphatases. 
All v a l u e s a r e mean + S . E . from f o u r r e p l i c a t e s . 
Enzymes 
Acid phospha tase 
Liver 
Brain 
A lka l ine 
phospha tase 
Liver 
Brain 
0.0 
16.2 7+0.20 
4.62+0.19 
4 .04 t0 .19 
8.44+0.20 
Lindane Concent ra t ions (ppm) 
10 
16.63+0.10 
3.82-K).24** 
(-17) 
4.02+1.08 
6.56+0.24** 
(-22) 
100 
18.51-KD. 16** 
(+12) 
3.18+0.19** 
(-31) 
3.82+0.13 
6.03+0.21** 
( - S ) 
1000 
17.89+0.37 
2.75+0.20* 
(-41) 
3;3 8+0.36 
5.59+0.34* 
(-34) 
^ mole phenol liberated/min./mg pro te in . 
Figures in parenthesses ind ica te % change, increase (+) and 
decrease (-) in treated as conpared to con t ro l s . 
*Significantly different from controls (P < 0.01) . 
**Significantly different from controls (P < 0 .05) . 
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Liver: 
Data presented in Table 6 for acid phosphatase 
enzyme activity in liver tissue of rat indicate 
significant increase in the enzyme activity at 100 ppm 
of concentration. The change was 12% at this 
concentration. At other concentrations of 10 ppm, and 
1000 ppm the enzyme activity remained unaltered. 
The liver alkaline phosphatase activity was not 
significantly changed iji vitro by different 
concentrations of lindane (Table 6). 
Brain: 
The acid and alkaline phosphatase activities of 
brain tissue of rat were significantly inhibited in 
vitro by treatment at all concentrations of lindane 
(Table 6). 
DISCUSSION 
In the present study the effect of lindane 
on certain enzyme systems was studied iji vitro as well 
as 3^ vivo following intratracheal administration of the 
compound at different time intervals. The technique of 
intratracheal administration has been used by certain 
workers for studying the effects of compounds on 
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pulmonary tissue and other organs (Narayan et_ a^. , 19 84; 
1985,a,b). The technique provides a convenient method 
for determining the response of pulmonary tissue for 
exposure to various chemicals. The dose for in_ vivo 
experiments was 5 mg/kg intratracheally. The animals 
survived after treatment with this dose of lindane. The 
in vitro studies were undertaken since they gave an idea 
about the direct effect of the compound without any in 
vivo modifications and or influence of intrinsic factors 
enhancing or reducing the toxicity. The intratracheal 
administration of lindane caused significant changes in 
the activities of lysosomal acid phosphatase and 
y\on-ij46G^omoX alkxdcnt phosphatase of lung (Table 1). The 
activities of the two enzymes^ acid and alkaline 
phosphatase were significantly increased in lung, 1 day 
after exposure. The acid phosphatase activity in liver 
was also significantly increased 1 day after treatment 
(Table 1). The results also indicate a significant 
increase in serum acid and alkaline phosphatase 
activities in lindane treated animals (Table 2). Changes 
in serum acid and alkaline phosphatase activities 
suggest changes or disturbances of liver function. This 
was, however, transient since the activities of both the 
enzymes returned to normal level 5 days after treatment. 
Changes in serum acid and alkaline phosphatase 
activities may be related to changes in the activities 
of both the enzymes in liver and lung where also their 
activities were increased (Table 1), thereby, releasing 
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the enzymes in the serum (Table 2). It was previously 
reported that liver was the source of increased serum 
enzyme activities and rats fed organochlorine 
insecticides , exhibited a transient increase in serum 
alkaline phosphatase activity (Bhatia et^  £l • , 1972a,b; 
Dikshith et^  a]^. , 1989). Lindane given orally to albino 
rats also induced changes in acid and alkaline 
phosphatase activities in liver (Srinivasan and 
Radhakrishnaraurty, 1988; Srinivasan et^  aJ. , 1988). 
Exposure to polychlorinated biphenyls has been reported 
to increase alkaline phosphatase activity in the serum 
of occupationally exposed workers (Emmett, 1985). The 
effect however, seems to be related to the dose of the 
compound and duration of exposure since feeding of 
animals with high doses for comparatively long periods 
resulted in decrease in the activities of both the 
enzymes in liver (Srinivasan and Radhakrishnamurty, 
1988). 
Lindane administered intratracheally did not 
influence the acid and alkaline phosphatase activities 
(Table 3) of the brain though the compound has been 
reported to cross the blood brain barrier and induce 
neurotoxic effects. Hence in the present study the 
possibility of lindane inducing changes in cerebral 
activity may be ruled out. 
The results of _in^  vitro studies were also similar 
in lung and liver with different concentrations of 
lindane. However, the acid phosphatase activity seemed 
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to be more sensitive to lindane than alkaline 
phosphatase in lung (Table 5). In brain of rat both acid 
and alkaline phosphatase were decreased depending on the 
concentration of insecticide by Jji^  vitro treatment. 
In order to determine the duration of biochemical 
changes induced by a single intratracheal administration 
of lindane the changes in enzyme activities were 
determined 1, 3 and 5 days after treatment. It was 
found that the levels of acid and alkaline phosphatase 
activity returned to normal or pretreatment level 5 days 
after exposure. This suggests that changes were only 
transient and that lindane at this dose did not induce 
any permanent functional changes in liver or lungs. 
Lastly the results also indicate that intratracheally 
administered lindane does not induce significant changes 
in the activities of GOT or GPT in tissues or serum 
(Table 4 and 5) at different times after exposure, the 
enzymes activities in treated animals not being 
significantly different from the control values (Table 4 
and 5). Different concentration of lindane did not 
change the activity of either enzyme iji vitro (Table 6) . 
It seems that intratracheally administered lindane 
induced only transient changes in the activities of acid 
and alkaline phosphatase which may be an acute effect or 
related to tissue injury, the changes in enzyme 
activities returning to pretreatment level 5 days after 
exposure indicating that permanent or deleterious 
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e f f e c t s were n o t p r e s e n t i n l u n g or l i v e r . There were no 
changes i n t h e a c t i v i t i e s of enzymes i n b r a i n o r GOT, 
GPT l e v e l s in serum or l u n g . 
CHAPTER-III 
STUDIES ON MITOCHONDRIAL 
ENZYMES. 
MATERIALS AND METHODS 
Chemicals 
Reduced n ico t inamide adenine d i n u c l e o t i d e (NADH) , 
bovine serum albumin (BSA), adenosine t r i p h o s p h a t e 
(ATP), were ob ta ined from SI SCO Research Laboratory; 
ol igomycine and cytochrome-e were o'ofoj V\(LJ., from sigma 
chemical company. Other cheirficals were of h ighes t 
p u r i t y , BDH (A.R.) or E. Merck (3>ayYnhdo^)» 
Preparation of Homogenate 
10%^tissue homogenates were prepared as descr ibed 
e a r l i e r under M a t e r i a l s and Hethods in 0 .25 M suc rose , 10 
mM imidazo le , 1 mM EDTA and 0.05% BSA. 
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I s o l a t i o n of Mitochondria 
The mi tochondr i a l f r a c t i o n was i s o l a t e d from iCJ/^ Cw/VJ 
homogenate of lung , l i v e r or b ra in prepared as descr ibed 
above by d i f f e r e n t i a l c e n t r i f u g a t i o n . The crude homoge-
n a t e was cen t r i fuged a t 1000 x g in lEC r e f r i g e r a t e d 
c e n t r i f u g e (K-24 type) for tO WiXl. The p e l l e t s of 
nuc lea r f r a c t i o n so ob ta ined were d iscarded and 
s u p e r n a t a n t s r e c e n t r i f u g e d a t 15000 x g for 5 0 
m n i . The r e s u l t i n g p e l l e t s were washed with -^u^^drX.. 
sucrose medium/and f i n a l l y suspended in BSA free 0.25 M 
suc rose with the he lp of a loose f i t g l a s s homogenizer 
(Schne ider , 1968) . The fol lowing enzymes were assayed . 
Enzyme Assays 
Phosphohydrolase (E.G. 3 . 6 . 2 . 3 ) adenosine triphosphatase 
(ATPase) ATP 
v^ +2 
\/ Ca -dependent ATPase was assayed by the method of 
Patil and Radhakrishnamurty (1977) and Mg -Oligomycine 
sensitive and insensitive ATPase according to the 
procedure of Patil and Kosh (1979). Adenosine 
triphosphate was used as substrate and the inorganic 
phosph liberated during enzymatic hydrolysis of ATP 
molecules was estimated by the method of Taussky and 
Shorr (1953) taking suitable aliquots from protein free 
(- s u p e r n a t a n t . ^ — J 
ax 
Reagents 
I . 50 mM Adenosine t r i p h o s p h a t e was f r e s h l y prepared 
in 10 ml d i s t i l l e d wa te r . 
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I I . 20 mM Calcium c h l o r i d e (CaCl„) d i s s o l v e d in wa te r . 
I I I . 0.4 M Magnesium c h l o r i d e (MgClp ) d i s so lved in 
w a t e r . 
IV. Oligomycine s o l u t i o n was p repared in e thanol (5 
mg/ml). 
V. 1.6 M Potassixim c h l o r i d e (KCl) 
VI. 4 M Sodium c h l o r i d e (NaCl) 
VII . 20 mM Ouabain f r e sh ly p repared 
VII I .250 mM Imidazole pH 7 . 4 . 
Procedure 
Tota l incuba t ion mixture (1 .0 ml) c o n s i s t e d of 0.8 
ml of 250 mM imidazo le , 50 pi of 50 mM ATP. The r e a c t i o n 
was s t a r t e d by the a d d i t i o n of 50 wl of s u i t a b l y d i l u t e d 
lung; l i v e r or b r a i n mi tochondr ia l suspens ion . The 
i n c u b a t i o n mixture was made up wi th water a f t e r 
+2 
fo l lowing a d d i t i o n : For Ca a c t i v a t e d ATPase, 50 ^il of 
+2 
20 mM CaCl2and for Mg a c t i v a t e d ATPase, 12.5 ^1 of 0.4 M 
Mg::i2 were added in the r e a c t i o n m i x t u r e . This a c t i v i t y 
was f u r t h e r d e l i n e a t e d i n t o ol igomycine s e n s i t i v e and 
oligomycine i n s e n s i t i v e by the a d d i t i o n of 0.4 pi of 5 
mg/ml of e t h a n o l i c ol igomycine s o l u t i o n . For microsomal 
(Na-K) ATPases assayed in post mi tochondr ia l s u p e r n a t -
a n t s 12.5 pi of 1.6 M KCl and 25 ^1 of 4 M NaCl were 
added in the r e a c t i o n m i x t u r e . 50 ^1 of 20 mM ouabain 
was a l s o added in t h e assay system for Ca"", Mg 
Oligomycine s e n s i t i v e and i n s e n s i t i v e ATPases. 
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The reaction mixture was incubated for 20 min at 
37 °C on a shaking water bath. The reaction was 
terminated with the addition of 1.0 ml of 10% TCA and 
contents were centrifuged at 2000 rpm for ten minutes. 
The activity was expressed as /U moles of phosphorous 
liberated per hr per mg protein. 
Succinic dehydrogenase (SDH), Succinate: (Acceptor) 
oxidoreductase (E.G. 1.3.99.1) 
' The enzyme activity was determined by the method 
of slater and Bonner (1952). Sodium succinate (0.2 M) 
was used as substrate. For liver and brain succinate 
dehydrogenase assay, the enzyme was suitably diluted. 
Reagents 
I. 0.1 M Sodium azide (NaN3) 
II. 0.01 M Potassium ferrocyanide (K-:, Fe ( CN )g ) 
III. 0.2 M Sodium succinate 
IV. 0.2 M Phosphate buffer pH 7.2. 
Procedure 
The r e a c t i o n mixture ( t o t a l 3 .0 ) con ta ined 0.3 ml 
of 0.1 M sodium az ide (NaN^), 0.6 ml of 0.01 M potassium 
f e r r o c y a n i d e (K^ Fe(CN)5), ^ ' ^ '"^ ^^ ^'^ ^ phosphate 
buf fe r (pH 7.2) and 0.5 ml of r a t lung mi tochondr ia l 
p r e p a r a t i o n . For l i v e r and b r a i n SDH, t h e enzyme was 
s u i t a b l y d i l u t e d and 0.5 ml inco rpora t ed in the r e a c t i o n 
full Pm XEL^TU) 
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m i x t u r e . The mixture was p r e - i n c u b a t e d for 2-3 mins at 
37 °C. The r e a c t i o n was s t a r t e d by the a d d i t i o n of 0.2 
ml of 0.2 M sodium s u c c i n a t e as s u b s t r a t e and kept on 
shaking water ba th . The r e a c t i o n was al lowed t o con t inue 
for 30 minu te s . 3.0 ml of 10% TCA was used to t e rmina te 
the r e a c t i o n and the mixture was cen t r i fuged for 10 
minutes a t 2000 rpm. 
The absorbance of the c l e a r supe rna tan t was read 
a t 420 nm. The a c t i v i t y was expressed as n moles K 3 
Fe(CN), reduced per hr pe r mg mi tochondr ia l p r o t e i n using 
the e x t i n c t i o n c o e f f i c i e n t of 0.909 x ICrM Cm. 
Cytochro«ie-C-Oxidase: cytochroiie C:0 oxldoreductase 
( 1 . 9 . 3 . 1 ) 2 
Cytochrome C-Oxidase was assayed by the method of 
coope r s t e in and Lazarow (1951) . Cytochrome C was used 
as s u b s t r a t e . Cytochrome C (sigma) i s an oxidized 
product of 67% p u r i t y ; The s u b s t r a t e s o l u t i o n was 
prepared accord ing ly and reduced by the a d d i t i o n of a 
few c r y s t a l s of sodium d i t h i o n i t e before enzyme assay . 
Reagents: 
-4 
I. 1 X 10 M Cytochrome C. 
II. 0.2 M Phosphate buffer, pH 7.4 
Procedure: 
The reaction mixture in a total of 3.0 ml 
contained 2.4 ml of 0.2 M phosphate buffer (pH 7.4) and 
PULL ?|\6it DEijire^ 
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r -4 
0.5 ml of 1 X 10 M reduced cytochrome C. The r e a c t i o n 
was s t a r t e d by the a d d i t i o n of 25 / i l of s u i t a b l y d i l u t e d 
lung mi tochondr ia l su spens ion . The o p t i c a l d e n s i t y was 
read a t 550 nm at 15 seconds i n t e r v a l for 2 minu tes . 
The enzyme a c t i v i t y was expressed as n moles of 
cytochrome C oxid ized per hr per mg p r o t e i n using molar 
3 -1 -1 
e x t i n c t i o n c o e f f i c i e n t of 19.1 x 10 M Cm . 
NADH-CytochroBie-C-redtictase: Reduced NAD ox i do reductase 
( 1 . 6 . 9 9 . 3 ) 
Enzyme was assayed according to t h e procedure of 
Takesue and Omura (1970) . Oxidized cytochrome C as 
s u b s t r a t e was used and t h e s o l u t i o n prepared as 
descr ibed e a r l i e r . 
Procedure: 
The r e a c t i o n mixture ( t o t a l 3.0 ml) con ta ined 0.3 
ml of 0.1 M sodiiam az ide (NaN3), 0.2 ml of NADH and 0.2 
ml of ox id ized cytochrome C followed by the add i t i on of 
2 .3 ml of 20 mM phosphate buffer (pH 7 . 5 ) . The r e a c t i o n 
was s t a r t e d by the a d d i t i o n of 2 5 / i l of s u i t a b l y d i l u t e d 
lung mi tochondr i a l p r e p a r a t i o n . The o p t i c a l dens i ty was 
read a t 550 nm a t 15 seconds i n t e r v a l for 2 minu tes . 
Enzyme a c t i v i t y was expressed as n moles of cytochrome C 
reduced per hr per mg p r o t e i n using molar e x t i n c t i o n 
3 -1 -1 
c o e f f i c i e n t of 19.1 x 10 M cm . 
Fi]LU ?A t^ -VBLET^V' 
+2 Ca -dependent ATPase was assayed by the method of Patil 
+2 
and RadhaKrishnaraurty (1977) and Mg -oiigoraycine sensitive 
and insensitive ATPase according to the procedure of Patil 
and Koch (1979). Inorganic phosphate liberated during 
enzymatic hydrolysis of ATP molecules was estimated by the 
method of Taussky and Shorr (1953) taking suitable aliquots 
from protein free supernatant. Succinic dehydrogenase 
(Slater and Bonner^ 1952) cytochrome-c-oxidase^(Cooperstein 
and Lazaroi^ 1951) and NADH-cytochrome-c-reductase 
(Takesue and Omura,1970) enzyme activities were assayed 
according to their standard methods. 
(Pages 62-66 have been deleted and the above paragraph 
containing references have been inseirted. Pattern of tables 
has been retained)• 
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RESULTS 
fif^H* K°. ^ ** ^'''^'' ^ ^^^ ^^^e*^* °° adenosine triphosphatase system 
Effect of lindane on Ca - ATPase activity: 
The values of rat lung Ca""^ - ATPase activity in 
controls and lindane treated animals are given in Table 
1. The enzyme activity was significantly decreased one 
day after exposure, the decrease being 64% of controls. 
After five days the enzyme activity was still 
significantly less than control values, the decrease 
being about 34%. 
Effect of lindane on the activity of Mg"^ - (Oligomycine 
insensitive) ATPase enzyme: 
The action of oligomycine insensitive Mg"^ - ATPase 
in rats treated with a single dose of lindane as well as 
control animals one day after exposure are given in 
Table 1. The enzyme activity in mitochondrial fractions 
was inhibited. The inhibition was significant, the 
change being 33% in treated animals as compared to 
controls. The inhibitory effect was present even five 
days after exposure. The inhibition was 30% after five 
days and the values are given in Table 1. 
Effect of lindane on Mg"*"- (Oligomycine sensitive) ATPase 
activity: 
+2 The a c t i v i t y of oligomycine sens i t ive Mg -ATPase 
in r a t lung mitochondrial f ract ion was s ign i f ican t ly 
decreased one day a f te r i n t r a t r achea l innoculation 
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TABLE - 1 
Effect of i n t r a t m d i e a l l y administered lindane on mitochondrial, 
(^oligomycine sens i t ive and insens i t ive) dependent and microsomal (Na''-K') 
dqjeixient adenosine tr iphosphatase (in FMS) of r a t l u n g - 1; 3 and 5 days 
af ter t reatment . Each figure represents the mean + SE of s ix animals. 
Enzymes 
Mitochondr ia l 
Ca*"- depaadent 
Adenosine t r i p h o s p h a t a s e 
Mg"*"- (o l igonyc ine i n s e n s i t i v e ) 
Adenosine t r i p h o s p h a t a s e 
+2 
Mg - (o l igonyc ine s e n s i t i v e ) 
Adenosine t r i p h o s p h a t a s e 
Microsomal ( in P.M.S.) 
(N^-t) -dependent 
Adenosine t r i p h o s p h a t a s e 
Time 
days 
1 
3 
5 
1 
3 
5 
1 
3 
5 
1 
3 
5 
Control 
35.62+2.2 7 
34.11+1.95 
3 6 . 2 ^ 3 . 4 1 
31.68+0.97 
30.17+0.43 
31.72+2.91 
12 .20+0.54 
11.14+0.43 
12.23+1.18 
26.97+3.10 
24.82+2.74 
25.26+3.21 
Trea ted 
12.74+1.11* 
(-64) 
17.51+1.01* 
(-48) 
24.11+0.16** 
(-34) 
21.24+1.29** 
(-33) 
21.01+0.99** 
(-30) 
22 .28+1.26** 
(-30) 
7.70+0.61** 
(-37) 
8.42+0.35** 
(-24) 
9.651-0.71** 
(-21) 
17 .64H.52** 
(-35) 
20.12+0.91 
23.94+0.76 
M moles of inorganic phosphorous (Pi) l iberated/hr/mg pro te in . 
Figures in parentheses ind ica te % decrease (-) in t reated animals as 
compared to t he i r corresponding cont ro l s . 
* Significantly different from the values of corresponding controls (P < 0.01 
**Sigi if icant ly different from the values of corresponding controls (P < 0.05 
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(Table 1). The enzyme activity was inhibited by 37% one 
day after exposure and 21% five days after exposure 
(Table 1). 
Effect of lindane on (Na^  -K "^  ) dependent adenosine 
triphosphatase activity: 
The ^ Na"*" -K"*")—dependent adenosine triphosphatase 
(ATPase) activity 1 day after exposure was decreased by 
35% in treated animals. The data are presented in Table 
1. However, five days after exposure, the enzyme 
activity was not significantly different from the values 
in control animals (Table 1)., 
In vivo effect on pulmonary enzyaes of electron 
transport chain 
Effect of lindane on the enzyme activity of succinic 
dehydrogenase: 
Changes in the succinic dehydrogenase activity in 
rat lung mitochondrial fractions 1, 3 and 5 days after 
exposure to lindane are presented in Table 2. 
The activity of succinic dehydrogenase 1 day after 
exposure, was significantly increased by 31% in treated 
animals. The enzsmie activity was, however, normal 5 days 
after exposure (Table 2). 
Effect of lindane on NADH-Cytochrome - C - reductase 
activity: 
Changes in NADH-cytochrome-C-reductase activity-1, 
3 and 5 days after exposure to lindane are given in 
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TABIE - 2 
Effect of in t ra tracheal ly administered lindane on enzymes of mitodiondrial 
resp i ra tory chain of ra t lung 1, 3 and 5 days af ter treatment. 
All values a re mean + SE of s ix animals. 
Enzymes 
Time 
days 
Oontrol Treated 
Succinic dehydrogenase+ 
NADH-cy tochrome-c-r eductase++ 
Cy tochroiE-c-oxidase+++ 
1 
3 
5 
1 
3 
5 
1 
3 
5 
1.41+0.12 
1.61+0.21 
1.52^0.12 
19 .81+0.60 
18.14t0.63 
19.14+0.28 
88.05+2.07 
85.11+1.32 
86.73±1.54 
1.92+0.09** 
(+36) 
1.73+0.95 
1.54+.0.13 
16.18+1.13** 
(-18) 
17.23+0.93 
19.90+1.01 
116.95+3.16** 
(+33) 
118.16+^.35** 
(+39) 
122.18+3.15* 
(+41) 
+n moles K^Fe(CN)5 reduced/hr/n^ pro te in . 
++n mDles of cytochrome rediced/hr/mg p ro te in . 
+++n moles of cytochrome oxidlzed/hr/mg prote in . 
Figures in parentheses ind ica te % change, increase (+) or decrease (-) 
in t reated as conpared to controls of corresponding groups. 
* Signif icant ly different from the controls (P< 0.01). 
**Significantly different from the controls ( P < 0.05). 
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Table 2 . The data presented in Table 2 indicate that 
enzyme a c t i v i t y was not s ign i f i can t ly a l te red 5 days 
af ter exposure. However 1 day a f te r exposure, the 
enzsrme a c t i v i t y was s l i g h t l y but s ign i f i can t ly inhibi ted 
(Table 2 ) . 
Effect of lindane on enzyme cytochrome - C - oxidase 
ac t iv i ty : 
Cytochrome-c-oxidase a c t i v i t y was recorded at 
d i f ferent time in t e rva l s a f te r treatment with lindane 
and the values are given in Table 2 . The enzjmie 
a c t i v i t y was s ign i f i can t ly increased 1, 3 and 5 days 
af te r t reatment, the increase being 33% and 41% 
respec t ive ly (Table 2 ) . 
In vi tro effect on lung adenosine triphosphatase system 
+2 Effect of lindane on the ac t iv i ty of Ca -ATPase: 
Ca'^-ATPase a c t i v i t i e s were determined in r a t lung 
mitochondrial preparat ions preincubated with 10, 100 and 
1000 ppm concentration of l indane. The r e s u l t s are 
reported in Table 3. Pre-incubation of enzyme with 10 
and 100 ppm of i n sec t i c ide did not induce s igni f icant 
changes in enzyme a c t i v i t y . Further increase in the 
concentration of i n sec t i c ide induced inhibi tory effect 
on enzyme a c t i v i t y . The enzyme a c t i v i t y was decreased by 
28% with 1000 ppm concentration of the pes t ic ide (Table 
3 ) . 
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+2 Effect of lindane on Mg -(Oligomycine Insensitive) 
ATPase activity 
+2 Rat lui^ mitochondrial Mg -ATPase (eligomycine 
insens i t ive ) ac t i v i t y was determined at 10, 100 and 1000 
ppm of lindane pre-incubtion and the r e su l t s are given 
in Table 3 . The enzyme ac t i v i t y was inhibi ted 
s ign i f i can t ly at 100 and 1000 ppm concentra t ions . The 
inhibi tory effect was found to be concentration 
dependent. At 100 ppm the enzyme a c t i v i t y was decreased 
by 27%. The ac t iv i ty of enzyme was further decreased by 
75% when the concentration of i n sec t i c ide was increased 
to 1000 ppm. 
Effect of lindane on Mg —(Oligomycine sensit ive) ATPase 
ac t iv i ty : 
The changes in enzsrme a c t i v i t y with varying 
concentrat ions of l indane have been summarized in Table 
+2 3. Oligomycine sens i t ive Mg -ATPase was s igni f icant ly 
inhibi ted at a l l concentrat ions of l indane excepting at 
10 ppm. The enzjmae a c t i v i t y decreased with an increase 
in the concentrations of l indane. At 10 ppm, the 
a c t i v i t y of enzyme was not s ign i f i can t ly changed while 
at 100 and 1000 ppm of l indane, the enzyme ac t iv i ty 
decreased by 35 and 72 percent respec t ive ly . 
+ + Effect of lindane on (Na - K)-ATPase ac t iv i ty : 
The iji v i t ro effect of lindane on microsomal (Na"-
K)ATPase assayed in post mitochondrial supernatant at 
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10, 100 and 1000 ppm concentration of insec t ic ide are 
summarized in Table 3 . At 10 ppm the enzyme ac t iv i ty 
was not s ign i f i can t ly a l t e r ed . The enzyme a c t i v i t y was 
however, inhibi ted at 100 and 1000 ppm of i n sec t i c ide . 
The inh ib i t ion was 19% with 100 ppm and 33% with 1000 
ppm respec t ive ly . 
In v i tro effect on pulmonary enzymes of electron 
transport chain 
Effect of lindane on succinic dehydrogenase ac t iv i ty : 
The succinic dehydrogenase a c t i v i t y was determined 
in lung mitochondrial preparat ions pre-incubated with 10, 
100 and 1000 ppm of l indane . The r e s u l t s are summarized 
in Table 4 . The enzyme a c t i v i t y was not s ign i f ican t ly 
a l t e red ija v i t r o with the various concentrations of 
insec t i c ide (Table 4 ) . 
Effect of lindane on the act iv i ty of NADH-cytochrome 
^-reductase: 
The enzyme a c t i v i t y was s ign i f i can t ly inhibi ted by 
lindane treatment only a t 1000 ppm concentrat ion. The 
inh ib i t ion was 30% as compared to controls (Table 4) . 
The changes in enzyme a c t i v i t y a t d i f ferent concentra-
t ions of pes t i c ide are summarized in Table 4, 
Effect of lindane on the ac t iv i ty of cytochrome-C-
oxidase: 
The changes in enzyme a c t i v i t y at d i f ferent 
concentrations of l indane (10, 100 and 1000 ppm) are 
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summarized in Table 4. The enzyme activity was found to 
be increased at all concentrations. However, the 
significant increase was evident at 100 and 1000 ppm 
only, the increase being 26% and 15% respectively. 
Effect on Rat Liver: ^ Vivo effect on adenosine 
triphosphatase System 
Effect of lindane on the activity of Ca -ATPase: 
The changes in enzyme activity 1,3 and 5 days 
after single pulmonary exposure are given in Table 5. 
The enzyme activity was significantly inhibited (48%) 1 
+2 
day after exposure to lindane. The Ca -dependent 
adenosine triphosphatase activity was also inhibited 5 
days after exposure. However, at this time, the 
inhibition was only 29% indicating tendency to return to 
normal activity after 5 days. 
+2 
Effect of lindane on Mg ~(Oligomycine insensitive) 
ATPase activity: 
+2 Oligomycine insensitive Mg -ATPase activity was 
more sensitive to lindane 1 day after intratracheal 
innoculation. Lindane caused significant inhibition of 
the enzyme activity, the inhibition in lindane treated 
animals being 52% of controls (Table 5) . The enzyme 
activity 5 days after exposure, tended to recover but 
remained inhibited significantly. The inhibition in 
treated animals, at 5 days after exposure was 20% of 
controls (Table 5) . 
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TABIE 
Effect of in t ra t racheal ly administered lindane on mitociiondrial, Ca , Mg*"-
(Oligomycine s o i s i t i v e and insens i t ive ) dependent and microsomal (Na*"-^  
d^endent adenosine triphosphatases ( in FMS) of r a t l ive r - 1; 3 and 5 days 
af ter t reatment. Each figure represents the mean + SE of s ix animals. 
Enzymes 
Mitochondria l 
Ca"*"- dependent 
Adenosine t r i p h o s p h a t a s e 
Mg - (ollgomycine i n s e n s i t i v e ) 
Adenosine t r i p h o s p h a t a s e 
I 
Mg - (oligonjrcine s e n s i t i v e ) 
Adenosine t r i p h o s p h a t a s e 
Microsomal ( in P.MJS.) 
-dependent 
Adenosine t r i p h o s p h a t a s e 
Time 
days 
1 
3 
5 
1 
3 
5 
1 
3 
5 
1 
3 
5 
Control 
194.67+10.17 
195.32+5.11 
197.14+6.15 
83.44+3.04 
84.16+2.01 
82.19+2.17 
29.67+0.14 
28 .31t0 .17 
30.11+0.60 
84.2 41:3.31 
8 5 . 3 1 + 2 ^ 1 
87.18+4.17 
Trea ted 
101.11+1.09* 
(-48) 
121.23+2.01* 
(-40) 
141.10+2.90* 
( - ^ ) 
39.67+1.80* 
(-52) 
50.43+1.61* 
(-40) 
66.20+2.14** 
(-20) 
38.11+2.06** 
(+34) 
37.41+1.22** 
(+32) 
38.22+0.93** 
(+27) 
80.15+7.17 
83 .4 1+3 .56 
86.37+5.05 
;a mDles of inorganic phosphorous (Pi) l iberated/hr/mg pro te in . 
Figures in parentheses indica te % c h a n ^ , increase ^;J.-@rrtjtecreftse^-) 
in t rea ted as conpared to controls of correspondin^^^bti^^-V ^'i ^ 
•Signif icantly different from the controls (P < C o l ' ) . 
**Significantly different from the controls (P ,,< t).''05). - r / J A 
i.,> Ace Xo.i.VdQ, 
'''^7^^..-:.^^[^^ 
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Effect of lindane on Mg^^ - (Oligomycine sensitive) 
ATPase activity: 
Data on oligomycine sensitive Mg"^-activated ATPase 
at different time intervals after exposure are given in 
Table 5. The data presented in Table 5 indicate 
enhanced enzyme activity in treated animals, the 
increase being 34% 1 day after exposure and 27%, 5 days 
after exposure. Thus the increase in the enzyme 
activity almost persisted significantly (Table 5). 
Effect of lindane on (Na - ^ATPase activity: 
Liver microsomal (Na" - K*) ATPase in post 
mitochondrial supernatant (PMS) was not significantly 
changed by exposure to lindane at different time 
intervals after treatment (Table 5). 
In vivo effect on enzymes of respiratory chain 
Effect of lindane on succinic dehydrogenase: 
Data on mitochondrial succinic dehydrogenase 
activity in liver of rats at different time intervals 
after intratracheal administration of lindane are 
presented in Table 6. The enzyme activity in treated 
rats 1 day after exposure was inhibited by 30% which was 
significant when compared with controls. However, the 
enzyme activity was almost normal 5 days after exposure 
(Table 6) . 
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TABLE - 6 
Effect of in t ra t rachea l ly administered lindane on enzymes of mitodiond: 
resp i ra tory diain of ra t l i v e r - 1 , 3 and 5 days a f te r treatment. All values a re mean ± SE of s ix animals. Ir ial 
Succinic dehydrogenase+ 
* ' ' - ^ > ' * ° = ' — r e d u c t a s e . . 
3 
5 
Q'tochrc«e-e^^,,3^,^^ 
3 
5 
3 
5 
9-33+0.22 
9.61+0.11 
^0.14+1.01 
8.33+0.15 
''•^8+0.05 
8.35+0.18 
98.15+6.90 
97-41+3.16 
96.80+2.20 
^•45+0.11** 
(-30) 
7.9 5f 0.06 
9.81+1.21 
i0.34;0.04** 
(+24) 
9.81+0.18 
9.15+0.67 
i22.l9+j^l3:(,^ 
(+25) 
^^2-31+3.06 
104.25+6.01 
•^ n males K'J!'e^fr\r^ 
^" treated P^^^ntheses indicate % 5^^"^ Protein. 
**Signif,^:,",;°^red to con t ro l sT^^ ' '"^^^«e (H-) O. . 
' ^^^erent f^c. t ^ 2 „ : ° - - ^ n d i n , g , - ^ e c r e a s e (-) 
-^^ t> (P < 0.05) . 
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Effect of lindane on NADH-cytochrome-C- reductase: 
Pulmonary exposure to lindane resu l ted in an 
increase in NADH-cytochrome-c-reductase a c t i v i t y in 
l i ve r 1 day af te r exposure. The increase in t rea ted 
animals was 24% which was s ign i f i can t ly different from 
con to r l s . The data are presented in Table 6. However, 
5 days af ter exposure, no change in enzyme a c t i v i t y 
could be detected (Table 6 ) . 
Effect of lindane on CytochroiBe-C-oxidase 
The data presented in Table 6 indicate enhanced 
cytochrome-c-oxidase a c t i v i t y 1 day a f te r exposure to 
l indane, the increase in enzjnne a c t i v i t y being 25% which 
was s ign i f i can t when compared with controls (Table 6 ) . 
The enzyme act ivi ty , ' 5 days af ter exposure, was not 
s ign i f i can t ly d i f ferent from the control values (Table 
6 ) . 
Effect on Rat Brain: 22. vivo effect on adenosine 
triphosphatase system 
+2 Effect of lindane on Ca -ATPase: 
The changes induced by exposure to lindane on 
+2 brain Ca -dependent adenosine t r iphosphatase a c t i v i t y at 
d i f ferent time in t e rva l s are given in Table 7. The 
brain Ca -ac t iva ted enzyme a c t i v i t y was s ign i f ican t ly 
enhanced 1 day af ter exposure, the increase in t reated 
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TABLE - 7 
Effect of in t ra t racheal ly administered lindane on mitochondrial (Ca!" , Mg -^
(^ligomycine sens i t ive and insens i t ive) d^endent and microsomal (Nal'-K) 
dqjendent adenosine tr iphosphatase (in PJB) of r a t brain - 1 , 3 and 5 days 
af ter t reatment . Each figure represents the mean ± SE of s ix animals. 
Enzymes 
Mitochondrial 
Ca" - dependent 
Adenosine tr iphosphatase 
2 
V^ - (- l iganycine insens i t ive) 
Adenosine tr iphosphatase 
Mg - ( liganycine sens i t ive) 
Adenosine tr iphosphatase 
Microsomal ( in P.M.S.) 
(Na-40 -dep endent 
Adenosine tr iphosphatase 
Time 
days 
1 
3 
5 
1 
3 
5 
1 
3 
5 
1 
3 
5 
Control 
114.28+0.09 
112.12+1.76 
110.56+2.03 
62.14+1.11 
61.11+1.51 
60.01+0.90 
18.16+0.51 
17.19+0.83 
18.69+1.18 
127.11+11.02 
124.21+4.58 
121.45+7.05 
Treated 
147.22+3.11** 
(+^) 
101.11+2.16 
78.77+2.61** 
(-29) 
51.67+1.70** 
(-17) 
49.01+1.13 
(-20) 
47.18+4.50** 
(-22) 
22.45+1.01 
17.46+1.31 
11.34+1.72* 
(-39) 
140.10+14.12 
100.15+5.01 
71.11+17.22* 
(-42) 
}x moles of inorganic phosphorous (P i ) l ibera ted/hr/mg prote in . 
Figures in parentheses ind ica te % change, increase (+) decrease (-) in 
t rea ted animals as conpared to t h e i r corresponding con t ro l s . 
*Significantly different from the controls (P < 0 .01) . 
**Significantly different from the controls (P < 0 .05) . 
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animals being 29% of controls. However, the enzyme 
activity was significantly lowered (29%) 5 days after 
exposure (Table 7). 
Effect of lindane on Mg -(Oligomycine insensitive) 
ATPase activity: 
Lindane significantly inhibited the enzyme 
activity in brain 1 day after pulmonary exposure. The 
inhibition was 17% of control (Table 7). The inhibition 
of enzyme activity was 22%, 5 days after single 
exposure. The data are presented in Table 7. 
+2 
Effect of lindane on Mg -(Oligomycine sensitive)ATPase 
activity: 
The data on enzyme activity at different time 
intervals after a single pulmonary exposure are 
presented in Table 7. The enzyme activity was not 
significantly changed 1 day after exposure but was 
lowered by 39% 5 days after exposure in lindane treated 
animals (Table 7). 
+ + 
Effect of lindane on (Na-K)ATPase activity: 
+ f 
No change in brain microsomal (Na-K)ATPase 
activity was found 1 day after intratracheal 
administration of lindane. However, 5 days after treat-
ment the enzyme activity was inhibited significantly; 
the inhibition being 42% in treated animals (Table 7). 
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TABLE - 8 
Effect of intra. t radieal ly administered lindane on enzymes of mitodiondrial 
respira tory diain of ra t brain 1, 3 and 5 days af ter treatment. 
All values are mean + SE of s ix animals. 
Enzymes 
Time 
days 
Cont rol Treated 
Succinic dehydrogenase+ 
NADH-cy tochr ome -c - r edu eta se++ 
CytochrQnE-c-oxidase-H-+ 
1 
3 
5 
1 
3 
5 
1 
3 
5 
8.34±0.11 
8.95+0.13 
9 AOiO .21 
7.28+0.20 
7.51+0.11 
7.67+0.38 
84.45+0.37 
83.12+0.52 
86.11+0.51 
8.11+0.20 
9^1+0.16 
11.38+0.21** 
(+21) 
8.01+0.19 
9.12+0.31 
10.12+0.61** 
(+33) 
87.56+1.40 
76.11+2.76 
64.45+3.67** 
(-25) 
+n males KoFe(CN)creduced Air/mg pro te in . 
++n males oi cytochrome redxiced/hr/n^ pro te in . 
+++n moles of cytochrome oxidLzed/hr/mg prote in . 
Figures in parentheses indica te % change, increase (+) or decrease (-) 
in t reated as conpared to controls of corresponding groi?>s. 
**Significantly different from the controls (P < 0 .05) . 
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In Vivo effect on enzynes of respiratory chain 
Effect of lindane on succinic dehydrogenase act iv i ty: 
Succinic dehydrogenase enzyme ac t iv i ty remained 
unaffected 1 day af te r pulmonary exposure to lindane 
(Table 8 ) . However, 5 days a f te r exposure, the enzyme 
a c t i v i t y was s ign i f i can t ly increased by 21% in t rea ted 
animals (Table 8 ) . 
Effect of lindane on NADH-cytochrome-C-reductase 
act iv i ty 
The data presented in Table 8 indicate that the 
enzyme a c t i v i t y was not s ign i f i can t ly changed 1 day 
af ter treatment with l indane. However, the enzyme 
a c t i v i t y was s ign i f i can t ly increased by 33%, 5 days 
af ter treatment (Table 8 ) . 
Effect of lindane on cytochrome-C-oxidase act iv i ty 
Cytochrome-c-oxidase ac t iv i ty as measured 1 day 
af ter s ingle i n t r a t r achea l exposure to lindane was not 
s ign i f i can t ly di f ferent from the control values (Table 
8 ) . However, the enzyme a c t i v i t y was inhib i ted by 25% , 
5 days a f te r exposure in lindane t rea ted animals (Table 
8 ) . 
DISCUSSION 
The r e su l t s of s tudies reported in Chapter I 
suggest biochemical and metabolic a l t e r a t i o n s along with 
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changes at/(cellular level. Certain enzymes assayed in 
rat serum and lung were also elevated. Other parameters 
used for studying the toxic effects on target organs-
liver and brain, also indicated changes in biochemical 
and metabolic systems of the body. 
A study of the effect of lindane on mitochondrial 
enz3?mes assumed significance in view of the preferential 
accumulation of the compound in subcellular organelle 
(Kuzminskaya et^  aJ. , 1976) . Mitochondria are 
operational units of energy and equipped with a chain 
for the transfer of electrons, a system for generating 
the electron donors for the chain and a system for 
synthesizing ATP by the union of ADP and inorganic 
phosphoute. Thus in order to study the influence of 
lindane exposure on cellular oxidation representative 
enzymes of electron transport chain and enzymes of 
energy production by ATP hydrolysis were monitored. 
It is now well established that most of the 
chlorinated hydrocarbon pesticides are neurotoxic though 
the mechanism by which they induce neurotoxicity is 
poorly understood. Several hypothesis have been 
advanced to explain the mechanism involved (O'Brien and 
Matsumura, 1964; O'Brien, 1964, 1967; Gawman, 1978; 
Gardner and Vinect, 1978; Jackson and Gardner, 1978; 
Aldridge et^aJ.,1978; Shankland and Schroeder, 1973). 
The ATPase system which is involved in the hydrolysis of 
ATP into ADP and inorganic phosphate (no*) been 
considered (Cutkomp et aJ. , 1982; Osborre, 1985) as 
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target of toxicity of chlorinated hydrocarbon 
insecticides (Koch, 1969; Patil and Koch, 1979; Patil et_ 
ajL. , 1979 and 1980). 
This membrane bound enzyme complex has been widely 
studied on account of its vital role in homeostasis 
(Anner, 1985; Dean and Torford, 1977; Warran et_ a.1. , 
1974). The links between the electron transfer chain 
and the citric acid cycle are succinate and NADH. The 
enzymes involved in the transfer of reducing equivalents 
from these electron donors to final electron acceptor Op 
may be looked upon as supplementry system. The passage 
of a pair of electrons from electron donors through the 
chain involved the ultimate generation of an energized 
state. An attempt was therefore made to investigate the 
effect of lindane on ATPase at different time intervals 
after single exposure and with different concentrations 
of the pesticide by _iii vitro treatment in lung tissue of 
rat. 
The results of the present study indicate that 
mitochondrial ATPases were significantly reduced in the 
lungs of lindane treated rats (Table 1). However, the 
complexes donating electrons to respiratory chain viz. 
succinic dehydrogenase of Kreb's cycle linked with FAD 
to electron transport chain showed a different response 
to lindane exposure. The activity of succinic dehydro-
genase was significantly increased and of NADH-
cytochrome-c- reductase reduced one day after exposure 
to lindane (Table 2). However, the response of 
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mitochondrial succinic dehydrogenase, NADH-cytochrome c-
reductase to in t r a t r achea l ly administered lindane was 
d i f ferent in other organs l i ve r and brain of r a t s (Table 
6,8). Rat l i v e r mitochondrial succinic dehydrogenase was 
inhib i ted s i gn i f i c an t l y . NADH-cytochrome-c-reductase 
ac t i v i t y was enhanced one day a f te r exposure to lindane 
(Table 6) . The a c t i v i t i e s of both the enzymes were not 
s ign i f i can t ly changed in brain one day af te r treatment 
with lindane (Table 8 ) . I t was fur ther found that 1 day 
a f te r in t ra t rachea l administrat ion of l indane, the 
pulmonary cytochrome-c-oxidase a c t i v i t y was s i g n i f i -
cantly increased (Table 2 ) . Similar response was also 
present during jji v i t r o treatment (Table 4) . The in 
v i t r o changes in the a c t i v i t y of the enz3mie were not 
s ign i f icant with 10 ppm of l indane. The increase in 
enzyme a c t i v i t y was s ign i f ican t with 100 ppm of 
compounds (Table 4) , Cytochrome -c-oxidase a c t i v i t y in 
vivo was also increased one day af ter exposure in l i ve r 
(Table 6 ) . However, no s igni f icant effect on the enzyme 
a c t i v i t y was found in brain (Table 8 ) . The effect of 
lindane may be at a locus of electron t ransport chain 
common to both NAD and FAD. The enzyme a c t i v i t i e s in 
lung and l i v e r returned to normal five days af te r 
pulmonary exposure. The a c t i v i t i e s of succinic 
dehydrogenase, NADH-cytochrome-c- reductase returned to 
the i r normal level at t h i s time in t e rva l af ter treatment 
(Table 2 and 6 ) . However, the response of the two 
enzymes was di f ferent in brain t i s sue (Table 8 ) . 
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In l indane t r ea t ed animals, FAD linked succinic 
dehydrogenase and NAD linked cytochrome-c- reductase 
a c t i v i t i e s were s ign i f i can t ly increased in brain five 
days af te r treatment (Table 8 ) . Chlorinated hydrocarbon 
pes t ic ides have been reported to in t e rac t with cer ta in 
enzymes involved in energy metabolism in l i v e r and brain 
(Bhaskaran,1988; Srinivasan and RadhaKrishnamurty, 1988; 
Pardini et^  £l« , 19 80; Onikienko, 1964; Barros and 
Saliba, 1978; Fukami , 1976; Bergen, 1971). 
The d i s t r i bu t i on of lindane residues in different 
t i s s u e s of r a t has been reported e i^eiohe^f miW tUjjj^ i/i . 
The residue concentration of lindane in lung and l ive r 
may be responsible for the inhibi ted hepatic succinic 
dehydrogenase (Table 6) and pulmonary NADH-cytochrome-c-
reductase ac t i v i t y (Table 2) while the lack of any 
effect on brain enzymes of resp i ra to ry chain may be due 
to inadequate residue concentration of lindane in the 
brain c e l l s or due to rapid metabolism af te r exposure in 
animals. This i s consis tent as reported with cer ta in 
s tud ies on endosulfan (Anand et^  al^. , 1980). 
The decrease in the a c t i v i t i e s of hepatic succinic 
dehydrogenase (Table 6) and pulmonary NADH cytochrome-c-
reductase (Table 2) suggest an inh ib i t ion of mitochon-
d r i a l resp i ra to ry chain at ear ly stage a f te r exposure. 
Other workers have reported a s imilar effect of DDT 
(Bhaskaran, 1988; Dubey et_ aJ . , 1984) and other 
chlor inated hydrocarbon compounds (Bhatia et^  a l . , 
1972a,b). Lindane being l i p o p h i l i c in nature may 
kl^ cm^MA P^ t.J>, -fhojiiJ^ (il^O P'^ iS3-i?,q , 
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i n t e r ac t with mitochondrial (tijjoprotein) surfaces 
(Weinbach and Garbus, 1965) r e su l t ing in damage t o 
membrane (Nohl et_ aj.. , 1981) which may enhance 
permeability of the mitochondrial membrane after 
treatment with ce r t a in chlorinated compounds (Fowler et^  
a l . , 1980; Byczkowski et_ al_. ,1981; Bhatia et_ a l . , 
1972a,b). This would r e s u l t in diffusion of co-factors 
(Judah and Rees, 1959). Thus the reduced a c t i v i t i e s of 
hepatic succinic dehydrogenase and pulmonary NADH-
cytochrome-c-reductase during lindane exposure may also 
be a t t r i bu ted to diminished a v a i l a b i l i t y of co-factors 
with in the subcel lu lar s t r u c t u r e s . Subsequently 
increase in pulmonary succinic dehydrogenase and hepatic 
NADH-cytochrome-c-reductase a c t i v i t i e s may be a 
compensatory mechanism to f a c i l i t a t e the e lectron flow 
through resp i ra tory chain. Increased a c t i v i t i e s of SDH 
suggests s t imulat ion of c e l l u l a r oxidation and enhanced 
metabolic a c t i v i t y (Srinivasan and Radhakrishnamurty, 
1988). 
Liver i s the main s i t e for the metabolism of 
various chemicals and compounds enter ing the body. The 
pulmonary el imination i s usually rapid which may be 
re la ted to excessive blood c i rcu la t ion through the 
lungs. Lindane or i t s residues enter the brain from the 
blood inducing neurotoxic effects on cent ra l neurons. 
Thus the biochemical changes in the t i s sues may be 
d i f ferent as a r e s u l t of l indane treatment in r a t s . The 
changes in mitochondrial enzymes are spec i f ic since 
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cytochrome-C-oxidase a c t i v i t y increased in lungs and 
l i v e r 1 day af te r exposure. The increase in cytochrome-
C-oxidase ac t i v i t y a lso indicated increased biological 
oxidation. This dl<»^ witk increased SDH or NADH 
dependent cytochrome-C-reductase a c t i v i t i e s in lungs and 
l ive r respect ively may be useful in providing addi t ional 
energy required for various biochemical and pulmonary 
changes (Srinivasan and Radhakrishnamurty, 19 88; Lings, 
1982) through coupled oxidative phosphorylation. The 
c e l l u l a r respi ra tory processes are also modified by 
other chlorinated pes t i c ides (Fukarai, 1976). Ela et^  al 
(1970) reported iVL vivo s t imulat ion of ce l lu la r 
r e sp i ra t ion by DDT in the cockroach Periplanata 
americana. The succinate ubiquenone and cytochrome 
oxidase segments have been ident i f ied as the s i t e of DDT 
act ion against insec t s (Anderson et^  aj^. , 1954; Barsa and 
Ludwig, 1959 and Bhaskaran, 1980). Certain metabolites 
of endosulfan exerted stimulatory effect on cytochrome 
oxidase in l i ve r (Dubey et^  aj^. , 1984) . The oxygen 
consumption in DDT t r ea t ed insects was s ign i f ican t ly 
higher than con t ro l s . Buck and Keister (1949) reported 
that insec ts died before a l l the food reserve such as 
glycogen, glucose and l i p i d s were fully depleted. 
However, Ludwig, (1946) as a r e su l t of an extensive 
study on DDT poisoning suggest that the cause of death 
was s ta rva t ion due to exhaustion. The increased 
a c t i v i t i e s of resp i ra tory enzymes in lindane exposed 
animals may be re la ted to oxidation of food reserves 
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giving more energy. The cause of death may be 
resp i ra to ry fa i lu re in r a t s (Boyd and Chen, 1968). The 
tendency to induce high ra te of r e sp i ra t ion in insects 
has been reported to be pronounced with lindane (Harvey 
and Brown, 1951). SDH and NADH cytochrome-C-reduc tase 
a c t i v i t i e s 5 days af te r exposure to l indane returned to 
normal level in lung (Table 2) and l i v e r (Table 6 ) . 
Liver cytochrome-C-oxidase a lso returned to normal 
l e v e l . However, cytochrome-C-oxidase in lung t i ssue 
(Table 2) pers is ted at high l eve l . These changes may be 
re la ted to increased b io logica l oxidat ion. In brain 
a l so , mitochondrial enzymes a c t i v i t i e s were a l te red five 
days a f t e r exposure to lindane (Table 8 ) . These 
a l t e r a t i o n s detected five days af te r exposure, may be 
due to various metaboli tes generated during metabolism 
of l indane which are a lso known to in t e rac t with 
mitochondrial cijaoprotein (Heinevetter , et^  aJL 1985, 
Weinbach and Garbus, 1965). DDT in te r fe res with 
oxidation process in the nervous system also (Morrison 
and Brown, 1954). Decrease in ra t brain cytochrome-C-
oxidase (Table 8) common to both NAD and FAD linked 
chain as found in l indane exposed animals i s suggestive 
of a s t r e s s on oxidat ive metabolism. The increase in 
the a c t i v i t i e s of NAD and FAD linked enzymes may be a 
compensatory mechanism against the oxidative blocked at 
terminal po in t . 
Last ly i t has been suggested by Narayan et^  al 
(1985) that in t r a t r achea l route of administrat ion i s 
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different from other routes of administration in certain 
respects in as much as the compound comes directly in 
contact with the pulmonary tissue initiating enzyme 
changes immediately. According to the results presented 
above, changes in pulmonary enzymes activities appeared 
within 24 hrs of exposure while in brain appeared latter 
and sometimes persisted till five days after exposure. 
In the present study effect of lindane on 
mitochondrial ATPase were also determined. Ca -ATPase 
was significantly inhibited in lungs 1 day after 
+2 
exposure to lindane (Table 1). Mg -ATPase, oligomycine 
sensitive and insensitive, were also significantly 
inhibited in the lungs of rats (Table 1). In post 
mitochondrial supernatant significant inhibition was 
present in the activity of (Na-k)-ATPase (Table 1). The 
inhibition was usually more on the first day after 
exposure* after 5 days the enzyme activities returned to 
normal or the degree of inhibition was less (Table 1). 
In liver the changes in ATPase activity were slightly 
different. Mitochondrial Ca-dependent ATPase activity 
in liver was significantly inhibited 1 day after 
exposure (Table 5). (Na - K )-ATPase was not 
+2 
significantly changed. Mg - ol igonycine insensitive 
ATPase activity was significantly reduced while that of 
+1 
Mg - oligomycine sensitive ATPase significantly increased 
(Table 5). The increase in liver Mg - oligomycine 
sensitive ATPase may be related to release of enzyme due 
to membrane damage or the orientation of the enzyme. It 
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has been reported that orientation may vary from organ 
to organ (Anner, 1985) favouring a particular 
interaction which may induce organ specific response of 
ATPase (Table 1 & 5). 
The inhibition of ATPase in lindane treated 
animals may be due to the high residual concentration of 
the compound in liver and other tissues. The lack of 
+ + 
any significant effect on (Na - K )-ATPase (Table 5) may 
be due to other factors (i) the energy required for 
transport of (Na'- K) ions may be just sufficient for 
this effect or (ii) other competitive reactions with 
higher affinity may be occurring simultaneously (Patil, 
1976). The changes in the activities of ATPases by 
other insecticides DDT, aldrin, alathrin have also been 
reported by certain workers (Payne et^  aj. 1973, Patil 
1976, Srinivasan & Radhakrishnamurty, 1988). 
According to Koch et^  a_l (1979), ATPases undergo 
configurational changes from one state to another 
through certain intermediate steps. It is likely that 
lindane may interact with the enzs^ me in one state in one 
tissue while with another state in another tissue. This 
may result in different degrees of sensitivity of 
ATPases in certain tissues. This is consistent with the 
effect of lindane on ATPases as reported above (Table 1, 
5). It was previously reported that lindane also 
inhibited liver mitochondrial ATPase ijQ vitro (Koch, 
1969). Our studies also indicate the inhibition of 
pulmonary mitochondrial ATPase in vitro by treatment 
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with lindane (Table 3). Similar results have also been 
reported by other workers (Uchida et^  aJL. , 1978, 
+2 Srinivasan and Radhakrishnamurty^ 1988). Decrease in Ca 
-ATPase activity (which is involved in muscle 
contractions) and Mg!" -dependent ATPases (oligomycine 
insensitive) may help to preserve energy by diminishing 
the hydrolysis of ATPase molecule (Beg et^  &1, 1973). 
Cutkomp et^  al.. (1982) suggested that the inhibition of 
Mg"^  - ATPase was related to depressed oxidative 
phosphorylation. The greater sensitivity of oligomycine 
sensitive ATPase was also reported by Yap et_ a_l (1975) 
in blue gill brain and Desaiah et_ ELI. (1977 a,b,1979) and 
Desaiah (1980)in rat brain. 
The changes in the activities of ATPases were also 
determined in the brain which is specially sensitive to 
+2 
the toxic effect of lindane (Table 7). Mg -(Oligomycine 
sensitive) ATPase and (Na - K ) -ATPase were not 
significantly changed by lindane treatment 1 day after 
exposure (Table 7). Oligomycine insensitive ATPase was 
+2 
significantly inhibited while the activity of Ca 
dependent ATPase was enhanced (Table 7). 
However, 5 days after intratracheal exposure, all 
ATPases were significantly inhibited. In the metabolism 
of lindane several phenolic and chlorobenzenes 
(Gopalaswami and Ayer 1984, Engst et_ al 1977, 1979, 
Macholtz and Kujawa 1985) intermediates and end products 
are formed. The interactions of these substances with 
the protein constituent of mitochondrial protein may 
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result in configurational changes (Giglio and Goncalves, 
1963) which may have activatory or inhibitory effects on 
ATPase system (Heinevetter et^  a2« , 1985). Other 
substances like PCB, DCB and MCB have also been reported 
to act by a similar mechanism in various tissues 
including liver kidney and brain (Heinevetter et^  al, 
1985). 
Lastly the brain cells maintain ionic gradients 
across their cell membrane so that intracellular fluid 
contain high concentration of K"*" ions and low 
concentrations of Na"*" and Ca"*" relative to extracellular 
fluid (Shier, 1985). The ionic gradients are maintained 
by the activity of (Na*"- K'^)-ATPase and Ca"*"- ATPase at the 
cost of energy released from ATP. The membrane 
excitability and synaptic transmission are controlled by 
the activities of ATPases which influence the ionic flow 
in the membrane (Kanner, 1983). These changes in ATPases 
by lindane will interfere with various processes 
affecting the membrane potential and synaptic transmi-
ssion. It was accordingly suggested that changes in the 
activities of mitochondrial ATPases may be related to 
the symptoms of nerve excitation leading to toxic 
effects. The changes in the activities of ATPases 
(Table 1,3,5 &7) induced by lindane may be related to 
the toxic effects induced by the compound. 
CHAPTER-IV. 
STUDIES ON MICROSOMAL 
ENZYMES. 
MATERIALS AND METHODS 
Chemicals and Reagents 
Benzo( a )py rene , s t y r ene ox ide , N-ethyl maleimide 
(NEM), 0 -ph tha la ldehyde (OPT), T r i t o n X 100 and 
dimethyl su l fox ide (DMSO) e t c . were a l l purchased from 
Sigma Chonical Company, S t . Louis , U.S.A. Nicotinamide 
adenine d i n u c l e o t i d e phosphate (NADP) , n ico t inamide 
adenine d i n u c l e o t i d e phosphate reduced (NADPH), 1-
c h l o r o - 2 - 4 , d in i t r obenzene (CDNB), g lucose-6-phospha te 
(G-6-P), t e t r a h y d r o f u r a n , t r i c h l o r o a c e t i c acid (TCA), 
bovine serum albumin (BSA) and sucrose were obtcunedL 
from SI SCO, Research L a b o r a t o r i e s Pv t . L imi ted , Bombay. 
G lu ta th ione reduced (GSH) and g l u t a t h i o n e oxid ized 
(GSSG) were a l s o purchased from SISCO Research 
Labora to ry . N i t rob lue t e t r a z o l i u m (NBT) , p y r o g a l l o l and 
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other chemicals and r e a g e n t s were ottcvivied. from Glaxo 
L a b o r a t o r i e s ( Ind i a ) Limited, Bombay, Reechera P r i v a t e 
Limited, Hyderabad, BDH Chemicals Limited, England, 
Sarabhai M. Chemicals , Baroda, I nd i a and E. Merck 
( I n d i a ) Limited e t c . 
Preparation of Lung Honogenate 
Weighed sample of lung t i s s u e was minced with 
s c i s s o r before homogenizat ion. Homogenate was prepared 
with the help of a Po t te r -Elveh jem homogenizer in the 
medium con ta in ing 0.15 M KCl, 0 .1 M phosphate buf fe r , pH 
7.4 or 0 .25 M Sucrose , 0.05 M phosphate buffer and 1 mM 
EDTA or 0.25 M Sucrose , 10 mM Imidazole depending on 
requi rement of enzyme a s s a y , l i p i d p e r o x i d a t i o n or o the r 
s t u d i e s . The homogenate was f i l t e r e d through muslin 
c lo th and processed for the i s o l a t i o n of microsomal 
f r a c t i o n . 
I s o l a t i o n of Microsones 
20%/ lung homogenate prepared as desc r ibed above 
was cen t r i f uged a t 10,000 rpm for 10 min in a S o r v a l -
RCZB high speed r e f r i g e r a t e d c e n t r i f u g e . The p e l l e t was 
d i sca rded and supe rna t an t r e c e n t r i f u g e d in Beckman Model 
U l t r a Centr i fuge a t 1,05,000 x g for 1 h r . The p e l l e t 
ob ta ined was uniformly suspended in 0.05 M Tris-HCl 
buf fe r pH 7.4 con ta in ing 0.15 M KCl with the help of a 
g l a s s homogenizer (Johannesen et_ al^. , 1977) . 
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P r e s e r v a t i o n of C y t o s o l 
P o s t m ic rosoma l s u p e r n a t a n t o r c y t o s o l was 
p r e s e r v e d in c o l d f o r enzyme e s t i m a t i o n s . 
P r e s e r v a t i o n of Post Mi tochondr ia l Supernatant 
T i s s u e homogena tes were c e n t r i f u g e d a s d e s c r i b e d 
i n C h a p t e r I I I f o r m i t o c h o n d r i a l f r a c t i o n . P e l l e t so 
o b t a i n e d was d i s c a r d e d and t h e p o s t m i t o c h o n d r i a l 
s u p e r n a t a n t was o b t a i n e d and p r e s e r v e d i n c o l d f o r 
b i o c h e m i c a l e s t i m a t i o n s . 
Enzyme Assay 
Aryl hydrocarbon h y d r o x y l a s e (AHH)« 3-Mono oxygenase , 
(E.C. 1 . 1 4 . 1 4 . 2 ) 
AHH was a s s a y e d by t h e m o d i f i e d p r o c e d u r e of 
Dehnen et^ a l . . ( 1 9 7 3 ) . Benzo( a ) p y r e n e was used as 
substrate. 
Reagents 
I . 2 5 . 2 3 mg Benzo( a ) p y r e n e was d i s s o l v e d i n 25 ml 
cu a c e t o n e . 
h 
-J I I . 15 .667 mg N i c o t i n a m i d e a d e n i n e d i n u c l e o t i d e 
p h o s p h a t e d i s s o l v e d p e r ml of d i s t i l l e d w a t e r . 
I I I . 4 .0033 gm Magnesium c h l o r i d e (MgClp . 6H 2 0) was 
d i s s o l v e d i n 100 ml of d i s t i l l e d w a t e r . 
IV. 6 0 . 8 2 mg G l u c o s e - 6 - p h o s p h a t e was shaken i n 1.0 ml 
of d i s t i l l e d w a t e r . 
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V. 610.65 mg Nicotinamide was d i s s o l v e d in 10 ml of 
0,2M phosphate buffer pH 7 . 4 . 
VI. Cock t a i l - 1.0 gm of EDTA was taken in 90 ml of 1 
N NaOH. T o t a l volume was made up to 100 ml by 10 ml 
of T r i t on X 100. Mixture was v igorous ly s t i r r e d 
f o r uniform mixing. 
V I I . 0.2 M phosphate buf fe r pH 7 . 4 . 
Procedure 
React ion mixture conta ined in a t o t a l of 2 ml 
media, 0.1 ml Nicot inamide adenine d i n u c l e o t i d e phos -
p h a t e , 0 ,1 ml g lucose -6 -phospha te , 0 .1 ml n ico t inamide 
and 0.1 ml magnesium c h l o r i d e . Final concen t r a t i on of 
the i n g r e d i e n t s comprising NADPH genera t ing system; 
t h e r e f o r e , were as 1.0 /im n ico t inamide adenine 
d i n u c l e o t i d e phosphate (NADP) , 10 /jm g l ucose -6 -
phosphate , 25 urn n ico t inamide , 50 ^m magnesium c h l o r i d e . 
Addi t ion of 0.2 ml of 20% microsomal suspension used as 
a source of enzyme, fol lowed by the a d d i t i o n of 1.4 ml 
of 0.2 M phosphate buffer pH 7 . 4 . The r e a c t i o n mixture 
was p r e - i n c u b a t e d fo r 2-3 mins a t 37 °C and 20 yul 
benzo( a)pyrene (80 ^M) in acetone was subsequent ly added 
in each t e s t tube with v igorous shak ing . The r e a c t i o n 
was cont inued for 30 mins a t 37 °C and t h e r e a f t e r , i t 
was stopped by the a d d i t i o n of 1 ml c o c k t a i l s o l u t i o n . 
After shaking p r o p e r l y , the mix ture was read a t 
e x c i t a t i o n of 465 nm and emission of 520 nm and p rope r ly 
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ad jus ted band pass of 10/5 on s p e c t r o f l u o r e m e t e r . The 
enzyme a c t i v i t y was expressed as fluorescent unit /hr/mg 
p r o t e i n . 
Epoxide hydrolase, styrene oxide hydrolase (E.G. 
3 . 3 . 2 . 3 ) 
Epoxide hydro lase was assayed according t o the 
method of Danse t te et^  aJ^. (1979) . Styrene oxide was 
used as s u b s t r a t e . 
Reagents 
I . Styrene oxide 
I I . T e t r a hydrofuran 
I I I . 0.015 M Tris-HCl buf fe r pH 8 .7 . 
Procedure 
Assay system c o n s i s t e d , 2.4 ml 0.015 M Tris-HCl 
bu f fe r , and 0.5 ml microsomal p r o t e i n . After p r e -
incuba t ion for 2-3 mins a t 37 °C 20 u l s t y r e n e oxide was 
added with s imul taneous shak ing . 
The r e a c t i o n was allowed for 30 mins a t 37 °C and 
stopped by the a d d i t i o n of 0.1 ml t e t r a hydrofuran. The 
mixture was s t i r r e d a f t e r each a d d i t i o n and absorbance 
was measured a t e x c i t a t i o n wavelength of 310 nm and 
emission wavelength of 385 nm on spec t rophotof 1 uoremeter, 
Enzyme a c t i v i t y was expressed as fluorescent unit /hr/mg 
microsomal p r o t e i n . '"-PBLETI L*-
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Glutath ione-S- transferase , G-S-Transferase (E .C.2 .5 .1 .18) 
1-Chloro-2-4 , d i n i t r o b e n z e n e was used as s u b s t r a t e . 
The e s t i m a t i o n of enzyme a c t i v i t y was according t o 
spec t ropho tome t r i c method (Habig et^ aj^. 1974) . 
Reagents 
I . 30 mM - G l u t a t h i o n e reduced (GSH) was f r e sh ly 
p repared in 5 ml d i s t i l l e d wa te r . 
I I . 30 mM l - C h l o r o - 2 , 4 - d i n i t r o b e n z e n e (CDNB) s o l u t i o n 
was prepared in a ce tone . 
I I I . 0.2 M phosphate buf fe r pH 6 . 5 . 
Procedure 
The assay mixture con ta ined 2 .8 ml of 0.2 M 
phosphate buffer pH 6 . 5 , 0.1 ml of 30 mM g l u t a t h i o n e 
reduced and 30 mM 1-Chloro, 2 -4-d i n i t robenzene (both 
f r e sh ly p r e p a r e d ) . The r e a c t i o n was s t a r t e d by the 
a d d i t i o n of 50 ;ul a l i q u o t of post microsomal f r a c t i o n or 
c y t o s o l . The r ead ings were taken a t 340 nm on UV 
Spectrophotometer a t 30 seconds i n t e r v a l for 3-4 mins 
a g a i n s t b l ank . The enzyme a c t i v i t y was expressed as n 
moles of CDNB conjugate formed/min/mg c y t o s o l i c p r o t e i n 
us ing a molar e x t i n c t i o n c o e f f i c i e n t of 9.6 x 10 M Cm. 
Lipid Peroxidation 
The amount of raalonaldehyde (MDA) r e l e a s e d during 
NADPH or Iron (Fe) induced c e l l u l a r damage was e s t ima ted 
according t o t h e TEA method ( F a i r h u r s t et_ aj^. , 1983). 
-DBLBTEX ~ 
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Reagents 
I . 2% T h i o b a r b i t u r i c acid pH 7 . 0 . 
2 gm T h i o b a r b i t u r i c acid (TBA) was d i s so lved in 1 N 
NaOH, pH was ad jus t ed t o 7.0 by the a d d i t i o n of 
NaOH/HCl before d i l u t i o n t o f i n a l volume of 100 ml. 
I I . 10 mM Ferrous s u l p h a t e 
13.901 mg anhydrous f e r rous s u l p h a t e d i s so lved in 5 
ml of d i s t i l l e d wa t e r . 
I I I . 16.67 mg Nicot inamide adenine d i n u c l e o t i d e 
phosphate reduced (NADPH) d i s so lved in 10 ml 
d i s t i l l e d wa t e r . 
IV. 40% T r i c h l o r o a c e t i c a c i d . 
40 gms T r i c h l o r o a c e t i c ac id was d i l u t e d t o 100 ml 
by d i s t i l l e d wa te r . 
V. 5 N Hydroch lor ic a c i d . 
43 .1 ml Cone. HCl d i l u t e d t o 100 ml with d i s t i l l e d 
water . 
VI. 0.1 M Phosphate buf fe r , pH 7 . 4 , con ta in ing 0 .1 raM 
EDTA. 
Procedure 
1 .0 ml aliquot of freshly prepared microsomal 
fraction transferred to 25 ml conical flask and an equal 
volume of 0.1 M phosphate buffer containing 0.1 mM EDTA 
was added. Mixture was stirred on Vortex Genie Mixer 
model K-550-GF and prior to incubator for 90 mins at 37 
°C in a mechanical water shaker bath; oxygen (100%)was 
103 
bubbled through t h i n microsomal suspens ion . The r e a c t i o n 
was t e rmina ted by adding 0.7 ml 40% t r i c h l o r o a c e t i c 
acid (TCA) with s imul taneous a d d i t i o n of 0.3 ml of 5 N 
hydroch lo r i c ac id (HCl). 
After g e n t l e mixing, 0.7 ml 2% t h i o b a r b i t u r i c ac id 
(TBA) was added t o the mix tu re and heated in a water 
bath for 20 mins a t 90 °C. The tubes were then 
t r a n s f e r r e d t o beakers con ta in ing i c e cold water for 
immediate cool ing and a f t e r 10 min, c e n t r i f u g e d a t 2000 
rpm in an o rd ina ry c e n t r i f u g e . Absorbance of the 
s u p e r n a t a n t was read a g a i n s t blank con ta in ing a l l 
i n g r e d i e n t s except microsomes a t 535 nm on s p e c t r o p h o t o -
meter . 
NADPH-Induced Lipid Peroxidation 
For enzymatic LPO incuba t ion mixture in a t o t a l of 
2 ml volume conta ined 1.0 ml of 20% microsome, 0.4 ml of 
2 mM nico t inamide adenine d i n u c l e o t i d e phosphate r edu-
ced, 0.6 ml of 0.1 M phosphate bu f f e r , 1 mM EDTA pH 7 . 4 . 
The o the r d e t a i l s were the same as desc r ibed 
above. 
Fe-Induced Lipid Peroxidation 
For non-enzymatic e s t ima t ion of malonaldehyde 
formed 0.5 ml f e r rous s u l p h a t e s o l u t i o n was added t o the 
r e a c t i o n mixture con ta in ing 1.0 ml of 20% microsomes 
supplemented by 0.5 ml of 0 .1 M phosphate bu f f e r , 1 mM 
-J?BLBTBD-
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EDTA. Thereafter, the method adopted was the same as 
described above. 
Malonaldehyde formed during the assay was measured 
and the activity expressed as n moles of malonaldehyde 
liberated/hr/mg protein using a molar extinction 
S -1-1 
coefficient of 1.56 x 10^ M Cm (Sinnhuber and Yu, 1958). 
Glutathione reductase: NADH: Oxidized glutathione 
oxidoreductase (E.C.I.6.4.2) 
The enzjrme activity was measured according to the 
method of Carlberg and Mannervik (1975). 
Reagents 
I. 20 nM Phosphate buffer pH 7.4. 
II. 0.2 M EDTA 
III. 50 nft! Glutathione oxidized 
IV. 4 mg/ml Nicotinamide adenine dinucleotide phosphate 
(NADPH) reduced. 
Procedure 
The assay system ( t o t a l of 3.0 ml) con ta ined 2.6 
ml of 20 mM phosphate (bu f fe r pH 7 . 4 ) , 2 5 / i l of 0.2 M 
EDTA, 75/11 of 50 nM g l u t a t h i o n e ox id ized and 0.2 ml of 
NADPH (4 mg/ml). The r e a c t i o n was s t a r t e d by the a d d i -
t i on of 0.1 ml of lung pos t mi tochondr i a l supe rna t an t 
(PMS) used as enzyme s o u r c e . 
Changes in OD were read a t 340 nm a t 30 seconds 
i n t e r v a l for 3.0 mins . The enzsmie a c t i v i t y was expressed 
as OD change/hr/mg PMS p r o t e i n . 
- DBLtTBD-
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Glutathione peroxidase: Glutathione: Hydrogenperoxide 
oxidoreductase (E.G. 1.11.1.9) 
The activity of enzyme was assayed by the method 
of Paglia and Valentine (1967). 
Reagents 
I . 0 .2 M P h o s p h a t e buffer , - pH 7 . 4 . 
I I . 0 . 2 M EDTA 
I I I . 0 . 1 M Sodium a z i d e 
IV. 50 mM G l u t a t h i o n e o x i d i z e d 
V. 100 TcM G l u t a t h i o n e r e d u c e d 
V I . 4 mg/ml NADPH 
V I I . 0 . 0 1 5 M Hydrogen p e r o x i d e (Hz O2 ) 
Procedure 
The r e a c t i o n m i x t u r e c o n t a i n e d 1.4 ml of 0.2 M 
p h o s p h a t e b u f f e r (pH 7 . 4 ) , 75 ^ul of 0 .2 M EDTA, 0.3 ml 
of 0 .1 M sodium a z i d e , 0 .3 ml r e d u c e d g l u t a t h i o n e , 0 .3 
ml of 50 mM g l u t a t h i o n e o x i d i z e d and 0 .2 ml of NADPH (4 
mg/ml ) , 0 .3 ml of 0 . 015 M s u b s t r a t e ( H O ) . R e a c t i o n was 
s t a r t e d by t h e a d d i t i o n of 0 .1 ml of p o s t - m i t o c h o n d r i a l 
s u p e r n a t a n t as enzyme s o u r c e . Changes i n OD were r ead a t 
340 nm a t 30 s e c o n d s i n t e r v a l f o r 2-3 m i n u t e s . The 
a c t i v i t y of enzyme was e x p r e s s e d as OD c h a n g e / h r / m g PMS 
p r o t e i n . 
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Superoxide Dismutase 
Superoxide dismutase was assayed according to the 
method of Beauchamp and Fridovich (197 1). Pyrogallol was 
used as substrate. 
Reagents 
I . 1 mM Ni t rob lue te t razol ivun (NBT) 
I I . 0.01% T r i t o n x 100. 
I I I . 2 nM P y r o g a l l o l . 
IV. 50 mM T r i s - c o c o d y l a t e buf fe r pH 8 . 2 . 
Procedure 
Assay system conta ined 1.0 ml of 50 mM t r i s -
cocodyla te buf fe r (pH 8 . 2 ) , 1.0 ml H 0 ,> 0.3 ml of 1 mM 
NBT and 0.3 ml of 0.01% t r i t o n x 100 and 50 ul of 10% 
r a t lung pos t mi tochondr i a l s u p e r n a t a n t . The r e a c t i o n 
was s t a r t e d with t h e a d d i t i o n of 0.3 ml p y r o g a l l o l . 
I nc r ea se in o p t i c a l d e n s i t y was observed a t 540 nm at an 
i n t e r v a l of 30 seconds . The a c t i v i t y of enzyme was exp-
ressed as OD change/hr/mg PMS p r o t e i n . 
Glucose-e-phosphatase^ D-Gliicose-6-phosphate: Phospho-
hydrolase (E .G.3 ,1 .3 .9 ) 
Enzyme a c t i v i t y was determined in post 
mi tochondr ia l s u p e r n a t a n t by the method of Swanson 
(1955) . 
Reagents 
I . 0.2 M Maleate buf fe r pH 6 . 5 . - 2>P^ LBTBJ' ' 
I I . 0.1 M Glucose-6-phosphate 
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I I I . 10% T r i c a r b o x y l i c ac id 
IV. Ferrous s u l p h a t e (Fe SO 4) 
V. 10% Ammonium molybdate in 10 N HpSOii. 
Procedure 
The assay system c o n s i s t e d of 0.3 ml of 0.2 M 
malea te buf fe r (pH 6 . 5 ) , 0.1 ml of 0 .1 M g lucose -6 -
phosphate and 0.1 ml of enzsmie ( s u i t a b l e a l i q u o t s of 
lung and l i v e r post mi tochondr ia l f r a c t i o n ) in t o t a l 
volume of 0.5 ml. The r e a c t i o n mixture was incubated at 
37 °C for 15 mins and the r e a c t i o n was stopped by the 
a d d i t i o n of 1.0 ml of 10% TCA. D i s t i l l e d water (1.0 ml) 
was added in a l l the tubes and the con ten t s were 
c e n t r i f u g e d . Su i t ab l e a l i q u o t s of p r o t e i n f ree superna t -
ant were taken for the e s t i m a t i o n of l i b e r a t e d inorganic 
phosphorous by the method of Taussky and Shorr (1953) . 
The a c t i v i t y was expressed as /i moles of inorgan ic 
phosphorous l i b e r a t e d pe r hr per mg p r o t e i n . 
Cytochrome P-450 and P-448 
The cytochrome P-450 and P-448 con ten t was 
determined as descr ibed by Omura and Sato (1964) from 
the carbon monooxide p lus d i t h i o n i t e minus carbon 
monooxide d i f f e r e n c e s p e c t r a in Beckman double beam 
spec t rophotomete r 
-l>tLBrEl>-
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Reagents 
I . C r y s t a l s of sodium d i t h i o n i t e (Na2 S2O2) 
I I . Cone. H2SO21 and formic ac id (HCOOH) for genera t ion 
of carbon monooxide. 
Procedure 
A s u i t a b l y d i l u t e d r a t lung microsomal f r a c t i o n 
was bubbled f o r two rains with carbon monooxide (CO). A 
base l i n e 400-500 nm was r eco rded . To the sample 
c u v e t t e , a p inch of sodium d i t h i o n i t e was added, mixed 
wel l and t h e d i f f e r e n c e s p e c t r a between 400-500 nm was 
-1 -1 
o b t a i n e d . Molor e x t i n c t i o n c o e f f i c i e n t of 91 ,000 M Cm, 
was used for the absorbance change between 450-490 nM 
and 448-490 nm. The con ten t was expressed as n moles 
cytochrome P-450 and P-448 per mg microsomal p r o t e i n . 
Reduced and oxidized g lutathione (GSH and GSSG) contents 
GSH and GSSG were measured according t o the method 
of H i s s i n and Hief (1976), using a p r o t e i n Elmer 
f luo rescence s p e c t r o photometer . 
Reagents 
I . 0 .1 M Sodium phosphate - 0.005 M EDTA buf fe r (pH 
8.0) 
I I . 1000 ppm 0-Phtha la ldehyde (OPT) s o l u t i o n was 
p repared fresh in r eagen t grade a b s o l u t e e thanol 
j u s t p r i o r t o u s e . 
I I I . 0 .05 M N-ethylmaleiraide (NEM) 
- J)f ^E'7-Hi)-
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IV. 25% Metaphosphoric ac id (HPO3) 
V. 0 . 1 N NaOH. 
VI. 1 ppm of GSH and GSSG were prepared as fresh 
standards. 
Procedure 
250 mg of lung t i s s u e was homogenized in i ce cold 
mix ture of phosphate - EDTA buffer (3 .75 ml) and 1.0 ml 
of 25% HPCb which was used as p r o t e i n p r e c i p i t e n t . The 
t o t a l homogenate was cen t r i fuged a t 4 °C a t lOO.OOOxgfor 
30 min t o ob t a in the s u p e r n a t a n t for t h e assay of GSH 
and GSSG 
GSH Assay 
To 0.5 ml of the supe rna t an t ob ta ined by above 
procedure? 4 .5 ml of phosphate-EDTA buf fe r , pH 8.0 was 
added. The f i n a l assay mixture (2.0 ml) con ta ined 1 0 0 / i l 
of the d i l u t e d t i s s u e s u p e r n a t a n t , 1.8 ml phosphate 
EDTA buf fe r and 100 ^ul of t h e o r thoph tha la ldehyde 
s o l u t i o n . After thorough mixing and incuba t ion a t room 
tempera tu re for 15 min the s o l u t i o n was t r a n s f e r r e d to 
s p e c t r o f l u o r e r a e t r i c c u v e t t e . F luorescence a t 420 nm was 
determined with the a c t i v a t i o n a t 350 nm. 
GSSG Assay 
A 0.5 ml portion of the original supernatant 
obtained after centrifugation was incubated at room 
- DB.Lt,TB'D 
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tempera ture fo r 30 mins a f t e r a d d i t i o n of 200 /il of 0.14 
M NEM s o l u t i o n . This mixture was made up t o the volume 
of 5.0 ml by adding 4 .3 ml of 0.1 N NaOH. 
100 / i l of t he mixture was taken s e p a r a t e l y . The 
procedure fo r the assay of GSH was followed except that 
0.1 N NaOH was used as d i l u e n t in p lace of phosphate-
EDTA buf f e r . 
Estimation of Glucose 
Glucose e s t i m a t i o n was done according to the 
method of Somogyi (1945) which i s based on the a b i l i t y 
of g lucose t o reduce c u p r i c ions p re sen t in a l k a l i n e 
s o l u t i o n . 
Reagents 
I . Standard glucose s o l u t i o n (200 / ig /ml ) 
I I . 2/3 N Sulphur ic ac id (H2S04) 
I I I . 10% Sodium t u n g s t a t e 
IV. 85% Orthophosphoric ac id 
V. A lka l ine copper s o l u t i o n 
40 gm sodium carbonate (anhydrous) was d i s so lved 
in about 400 ml H^O and t r a n s f e r r e d t o a f l a sk , 7.5 gm 
of t a r t a r i c acid was added followed by 4.5 gm of 
a l k a l i n e copper s u l p h a t e when the former was completely 
d i s s o l v e d . The con t en t s were thoroughly mixed and volume 
made t o a l i t r e . 
I l l 
VI. Phosphomolybdic Acid 
To 3 5 gm of molybdic a c i d , 5 gms of sodium 
t u n g s t a t e , 200 ml of 10% NaOH in water was added. Boil 
v igorous ly for 20-40 minutes so as t o remove whole of 
ammonia from molybdic a c i d . Cool and d i l u t e with H2O t o 
make up t h e volume upto 3 50 ml followed by t h e add i t ion 
of 125 ml of concen t ra t ed (85%) phosphoric ac id and 
aga in d i l u t e to 500 ml. 
Procedure 
Suitable aliquots of sample perfusate diluted to 
1.0 ml (by adding distilled water) were transferred to 
centrifuge tube. To this 0.5 ml of 2/3 N H2SOJ4 and 0.5 
ml of 10% sodium tungstate were added. The total volume 
2.0 ml was shaken vigorously and kept for 10 mins. It 
was centrifuged at 2000 rpm for 10 mins at room 
temperature. 
Supernatant 1.0 ml was transferred to tubes with 
1.0 ml of Hp 0 and 2.0 ml alkaline copper reagents 
followed by heating in boiling water bath for 8 mins. 
The tubes were next placed in tap water for cooling; 
brown colour appeared. After cooling, 2.0 ml of 
phosphomolybdic acid reagent was added and tubes shaken 
vigorously. The volume was made to 25 ml by distilled 
water. A dark blue colour appeared. The reading were 
taken at 420 nm. 
Benzo(a) pyrene hydroxylase (Dehnen et al.., 1973) 
epoxide hydrolase (Dansette et al^ ,, 1979) glutathione-s-
transferase (Habig et al,^ 1974) were assayed by the 
standard procedure. The amount of rnalonaldehyde (MDA) 
released during NADPH or iron (Fe) Induced cellular 
damage was estimated according to the TEA .method 
(Fairhurst et al.# 1983)• The methods of Carlberg and 
Mannervik (1975) for glutathione reductase; Paglia and 
Valentine (1967) for glutathione peroxidase; Beauchactp 
and Fridovich (1971) for superoxide dismutase and Swanson 
(1985) for glucose-6-phosphatase estimations were used. 
The cytochrome P450 and PAAQ (Omura and Sato, 1964) and 
GSH & GSSG (Hissin and Hief 1976) contents were measured 
according to the standard methods. Glucose estimation was 
done according to the method of Somogyi (1945). 
(Pages 99 -111 have been deleted and the above paragraph 
containing references has been inserted.) 
2 Benzo(a) pyrene in DMSO is handled carefully with hand 
gloves, face mask in a non-ventilated chamber (if possible)• 
Frequent use of microsyringe, spetula, pipet coupled with 
vaccupet are made (mouth sucking stricktly prohibited)• Even 
after all these precautions, hands are washed with alcohol 
followed by excessive water. Reuse of towels should be 
avoided. Disposal was carried out by burying contaminated 
piece of apparatus etc, at a designated place for this 
purpose. 
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Experimental Techniques 
I. Isolated Rat Lung Perfusion Technique 
The lung perfusion technique (Figure 1 and 2) 
has been widely used in toxicological, pharmacological 
and biochemical studies (Mehendale _et^  jj:* , 1981; 
Mehendale, 1982; Smith and Bend, 1981). The perfusion 
assembly (The schematic representation, Figure 1) 
consisted of a thermostatically controlled cabinet/cir-
culatory water bath, peristaltic pump and a double 
jacketed glass thorax connected with artificial 
respirator and a reservoir. The perfusion fluid 
consisted of Kreb's Bicarbonate buffer with 4.5% BSA and 
5 nM glucose; cell free perfusate or 30% animal blood 
have generally been used. / Wgure 2 represents the 
combined lung and liver perfusion assembly. 
Methodology (Lung Perfusion Technique) 
Thoracic cavity of anesthetized rat was exposed 
by cutting integument and pericardium/removed. A loose 
ligature was passed around the pulmonary artery and 
aorta in rats. An incision was made in the right 
ventricle and a cannula is inserted through the 
semilunar valve into the pulmonary artery. Another 
incision was made in left ventricle and cannulated by a 
bent catheter for out flow of perfusate from the 
pulmonary vein. The lungs were partially inflated with 
air (Figure 3) before they were removed from the animal 
and hanged in the artificial thorax (Figure 4). 
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Procedure 
The following procedure was followed for the 
estimation of glucose consumption in perfusate: 
White albino rats /were treated with lindane 
intratracheally. The controls were treated with peanut 
oil. Lungs and liver were removed and used for perfusion 
experiments. The perfusion was started; 1 ml of 
perfusate was collected after 15, 30 and 60 mins and the 
glucose content estimated in each sample. The glucose 
consumption in lindane treated animals was compared with 
that of controls. 
Physiological Conditions 
I. Perfusate flow rate 
Flow rate was normally about 25 ml/min/gm of 
lung. Constant pressure perfusion was carried out. The 
flow rate changes during an experiment and from animal 
to animal were small. 
II. Oxygenation of the perfusion medium 
A humidified mixture of 0^- COp (95%:5% was 
allowed to enter trachea through Y connector that 
attaches the tracheal cannula. 
III. pH control 
pH of the medium (pe r fusa t e ) was p e r i o d i c a l l y 
^monitored using pH p a p e r . 5 t o 6% CO2 usua l ly maintained 
t h e pH of the per fus ion medium near 7 . 4 . 
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Fig.3: Animals showing "part ial ly inflated lung" with 
cannulated trachea during lung perfusion exper i -
ment. 
Fig. 4: Lung in a state of "inspiration" in the art if icial 
glass thorax during lung perfusion experiment. 
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Viability tests 
The following tests were used to determine the 
viability of lungs: 
1. General appearance of the lur^ as collapsed areas 
become edematous and do not inflate or deflate with 
respiratory cycle. 
2. Perfusate flow rate may also indicate abnormality, 
^ f s . Various biochemical parameters 
v§ L 4. Stain exclusion techniques 
II. Isolated Perfused Rat Liver Technique 
The isolated perfused liver technique (Figure 
6) was used keeping the natural physiological conditions 
constant during experiments. The current interest in the 
technique is indicated by its extensive use in various 
biochemical and pharmacological studies (Miller, 1973; 
Meijer ^ a.J.. ,1981; Mehendale, 1982). Figure 5 is the 
schematic representation of the essential components of 
the perfusion apparatus. 
Instruments 
Perfusion assembly 
The essential part of the liver perfusion assembly 
(Figure 5 and 6) are: 
1. Thermostatically controlled perfusion cabinet 
2. Peristaltic pump: Silicon rubber tubing used to 
recirculate the perfusion media to hydrostatic 
reservoir. 
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3. Artificial lung or hydrostatic reservoir: The 
height of the reservoir determined the hydrostatic 
pressure allowing adequate oxygenation of the 
perfusion media. 
4. Oxygen cylinder: A mixture of O2 - CO2 (95%: 5% bjX^c^u) 
5. The liver platform for isolated liver or animal 
platform in_ situ studies. 
6. Cannulae: Pyrex glass tubing drawn into a series of 
variously beaded heads. In our laboratory, 
plastics or polyethylene cannulae have been 
successfully used. The edges of these cannulae are 
drawn to minimize the possibility of damage to 
Veins, Cannulae for prevenacava are relatively 
larger in diameter than that for portal veins. 
Chemicals 
Perfusion medium 
K r e b s - b i c a r b o n a t e b u f f e r s o l u t i o n w i t h g l u c o s e was 
used as an a l t e r n a t i v e t o t h e media c o n t a i n i n g r e d c e l l . 
The b i c a r b o n a t e b u f f e r e d "Krebs" s o l u t i o n used by us 
c o n t a i n s NaCl , 114 mM; KCl 4 . 8 mM; KH PO^ . 12 mM; MgSO^ 
.7H2 0 , 1.2 mM; CaCl2 .2H2O, 1.9 mM; NaHCOn , 26 nM; 
s u p p l e m e n t e d w i t h 1.5% BSA and 0.75% g l u c o s e and pH 
a d j u s t e d t o 7 . 4 . 
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Methodology 
Perfusion technique 
An abdominal middle incision in anaesthetized rats 
were made to expose the liver without damaging the 
diaphragm. The liver was freed from surrounding tissues 
and double loose ligature were placed around the common 
bile duct and cannulated. Portal vein was tied with the 
distal ligature and the first flush of blood was 
permitted to flow away. Cannula coming from the lower 
end of the hydrostatic reservoir was inserted and the 
second ligature tied. A double loose ligature was 
passed around the thoracic inferior vena cava and 
through an incision in the right atrium, a polyethylene 
cannula was inserted. Cannulation of hepatic portal 
vein and inferior vena cava during liver perfusion 
experiments is shown in Figure 7. Ligature close to the 
right kidney was closed. Out coming perfusate from liver 
was collected in a centrifuge tube for immediate 
analysis (Figure 8) or in a temperature controlled 
container and recirculated to the hydrostatic reservoir 
as shown in Figure 5 and 6. 
Control of Physiological Conditions 
I. Perfusate flow rate 
For perfusion with oxygen carrier containing 
media, the normal portal pressure of 13-14 cm (wat^r) 
was sufficient. For perfusion with media without oxygen 
Fig. 7: Animal showing cannulation of hepatic portal 
vein and inferior vena cava during liver perfusion 
experiment. 
Fig. 8: Animal showing cannulation and collection of 
blood (perfusate) samples during l ive r perfusion 
experiment. 
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c a r r i e r a p r e s s u r e of abou t 20-25 cm ( w a t e r ) was o f t e n 
r e q u i r e d f o r a p e r f u s a t e f low of 4 ml/gm of l i v e r / m i n . 
About 40 ml/min p e r f u s i o n media ( c e l l f r e e ) was used fo r 
p e r f u s i o n of t h e o r g a n . 
I I . Oxygenation of t h e p e r f u s i o n fflediiun 
The p e r f u s i o n media was g a s s e d w i t h 
h u m i d i f i e d O2- CO2 m i x t u r e (95% : 5%)b>y v/elMvvJ^) 
T e s t s of l i v e r v i a b i l i t y 
C e r t a i n t e s t s of l i v e r f u n c t i o n were used t o 
m o n i t o r t h e v i a b i l i t y of t h e p e r f u s e d l i v e r . 
1 . G e n e r a l a p p e a r a n c e of t h e l i v e r 
2 . B i l e flow 
3 . pH of t h e f l u i d 
4 . Oxygen c o n s u m p t i o n 
5. Enzyme a s s a y 
6 . Glucose c o n s u m p t i o n 
RESULTS 
In Vivo S t u d i e s 
E f f e c t of l i n d a n e on b e n z o ( a ) p y r e n e hydroxy lase enzyme 
a c t i v i t y 
The v a l u e of benzo( a ) p y r e n e h y d r o x y l a s e a c t i v i t y 
in l i n d a n e t r e a t e d and c o n t r o l a n i m a l s 1 , 3 and 5 d a y s 
a f t e r t r e a t m e n t a r e g i v e n i n T a b l e 1 . The enzyme 
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TABLE - 1 
Effect d i n t r a t r ad iea l ly administered lindane on microscxnal and cytosolic 
enzymes of ra t limg - 1 , 3 and 5 days a f te r treatment. 
Eadi f igure represents the mean + SE of s ix animals 
Enzymes 
Time 
days Control Treated 
Microsomes 
Benzo(a)pyraie hydro^ la se 
(Fluorescent unit/hr/rag 
protein) 
Epoxide hydrolase 
(Fluorescent unit/hr/mg 
protein) 
Cytosolic 
Glutathi one-S-1ransferase 
(n moles of CDNB conjugate 
formed/min/mg protein) 
0.2 56 jp . 010 
0.251+0.031 
0.245jp.023 
0.26210.018 
0.268+0.015 
0.26140.012 
106.780+4.311 
105.791+3.224 
108.866+2.727 
0.160+0.016* 
(-38) 
0.181+0.014** 
(-28) 
0.20 4t 0.011** 
(-17) 
0.130+0.016* 
(-50) 
0.171+0.013* 
(-36) 
0.224+0.012** 
(-14) 
140.798+2.803* 
(+32) 
128.512+1.951** 
(+21) 
119.47942.131** 
(+10) 
Figures in parentheses indica te % d i a n ^ , increase (+) and decrease (-) in 
t rea ted animals as compared to t h e i r corresponding control group of animals. 
*Significantly different from the values of corresponding controls .(P < 0.01) 
**Significantly different from the values of corresponding controls.(^P < 0.05) 
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activity was reduced by 38% one day after exposure to 
lindane; After 5 days, the inhibition of enzyme activity 
was only 17% (Table 1). The values were significantly 
different from those of controls (Table 1). 
Effect of lindane on epoxide hydrolase activity 
Values of epoxide hydrolase activity 1, 3 and 5 
days after intratracheal administrations of lindane are 
given in Table 1. The enzyme activity 1 day after 
exposure was significantly inhibited (50%) in lindane 
treated animals; the inhibition was only 14%, 5 days 
after exposure (Table 1). The differences were signi-
ficant statistically. The data are given in Table 1. 
Effect of lindane on the activity of glutathione-S-
transferase 
Glutathione-s-transferase activity was determined 
in cytosol and the results are given in Table 1. 
Activity of the enzyme was enhanced significantly when 
measured in cytosolic fraction one day after lindane 
exposure. As is evident from Table 1, the increase in 
enzyme activity was 32% in the lungs of exposed rats. 
However, the increase in enzyme activity 5 days after 
exposure was only 10% of controls (Table 1). 
Effect of lindane on cytochro«e P-450 content 
Changes in lung microsomal cytochrome P-450 
content, one day after exposure, are given in Table 2. 
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TABLE - 2 
Effect of in t ra t rachea l ly administered lindane on microsomal cytochrome P-450 
and P-448 content in ra t liing - 1 , 3 and 5 days af ter treatment. 
Eadi f igure represents the mean ± SE of s ix animals. 
Cytochrome content 
Time 
days Control Treated 
Cytochrome P-450 0.086+0.006 0.218+0.041* 
(+154) 
0.091+0.011 0.183+0.012* 
(+101) 
0.096+0.090 0.152-K).015* 
(+58) 
cytochrome P-448 0.069+0.012 0.170+0.021* 
(+146) 
0.071+0.017 0.15510.027* 
(+118) 
0.073±0.013 0.138+0.045* 
(+89) 
n males cytochrome/mg pro te in . 
Figures in parentheses indica te % d i a n ^ , increase (+) in t reated 
animals as ccn^jared to corresponding con t ro l s . 
•Signif icantly different from the values of corresponding cont ro ls . P < 0.01) 
121 
A s i g n i f i c a n t i n c r e a s e in cytochrome P-450 content was 
found in l i ndane t r e a t e d animals (Table 2 ) . The 
i n c r e a s e was 154% in t r e a t e d a n i m a l s . However the 
cytochrome P-450 c o n t e n t , 5 days a f t e r t r ea tmen t was 
inc reased only by 58% (Table 2 ) . The changes were 
s i g n i f i c a n t as compared to c o n t r o l s (Table 2 ) . 
Effect of l indane on cytochro«e P-448 content 
Changes induced by l i ndane in cytochrome P-448 
c o n t e n t in lung microsomes a re p resen ted in Table 2 . A 
s i g n i f i c a n t i n c r e a s e in cytochrome P-448 conten t one day 
a f t e r exposure was found in l i ndane t r e a t e d animals , the 
i n c r e a s e being 146% as compared t o c o n t r o l animals 
(Table 2 ) . However 5 days a f t e r exposure , the i nc rea se 
in cytochrome P-448 con ten t was only 89% of c o n t r o l 
va lues (Table 2 ) . The changes were s t a t i s t i c a l l y 
s i g n i f i c a n t in a l l the cases (Table 2 ) . 
Effect of l indane on l i p i d peroxidation in lung 
microsoaes of rats 
Lipid p e r o x i d a t i o n of lung microsomes i s o l a t e d 
from c o n t r o l and exper imenta l animals a t d i f f e r e n t time 
i n t e r v a l s a f t e r a s i n g l e i n t r a t r a c h e a l a d m i n i s t r a t i o n of 
l i ndane was s t u d i e d in r a t s . The r e s u l t s a re p r e s e n t e d 
in Table 3 . A s i g n i f i c a n t i n c r e a s e in l i p i d p e r o x i d a t i o n 
of lung microsomes of t r e a t e d animals i s ev iden t from 
Table 3 . The i n c r e a s e was 126% of c o n t r o l one day a f t e r 
exposure t o l i n d a n e . After f i v e days , l i p i d 
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TABLE - 3 
Effect of i n t r a t r ad i ea l l y administered lindane on l i p i d peroxidation in r a t 
lung microsones - 1 , 3 and 5 days af ter treatment. 
All values are mean ± SE of s ix animals. 
Lipid peroxidation 
Time 
days 
1 
3 
5 
Cont ro l 
0.289+0.012 
0.270+0.014 
0.262+0.052 
Treated 
0.654+0.046* 
(+126) 
0.472+0.023* 
(+75) 
0.296±0.013 
Microsomes 
NADPH-induced 
(Enzymatic) 
Fe - induced 
(Non-enzymatic) 
1 
3 
5 
1 
3 
5 
2.115+0.189 
1.971+0.123 
2.100+0.056 
7.616+0.178 
7.412+0.162 
7.589+0.134 
2.039±0.293 
2.314+0.195** 
(+17) 
2.700+0.111** 
(+30) 
11.856+0.281* 
(+56) 
8.141+0.143 
6.833+0.218 
n moles of malonaldehyde l ibera ted /hr /n^ p ro te in . 
Figures in parentheses indica te % increase (+) in t rea ted animals as 
conpared to corresponding control group of animals . . 
Oxygen (100%) was bubbled through the microsomal suspension for 1 min 
prior to the s t a r t of the experiments. 
•Signif icant ly different from the values of corresponding cont ro ls . P < 0.01) 
**Significantly different from the values of corresponding cont ro l s . P < 0.05) 
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peroxidation activity returned to normal level (Table 
3). 
Effect of lindane on NADPH-induced lipid peroxidation of 
lung microsomes 
The changes induced by lindane in NADPH induced 
lipid peroxidation, at different time intervals after 
exposure are presented in Table 3. The NADPH dependent 
lipid peroxidation activity remained unaltered one day 
after exposure. It was increased by 30%, five days 
after exposure (Table 3), the difference being 
statistically significant. 
Effect of lindane on Fe -induced lipid peroxidation of 
lung microsones 
The effect of fcindane on non-enzymatic lipid 
peroxidation of lung microsomes isolated from control 
and treated animals 1, 3 and 5 days after single 
pulmonary exposure were studied and the results are 
given in Table 3. The microsomal lipid peroxidation 
induced by iron was significantly increased, the 
increase being 56% of control values. The changes were 
not present five days after^exposure (Table 3). 
Effect of lindane on the activity of glutathione 
reductase 
Glutathione reductase activity of rat lung post 
mitochondrial supernatant was inhibited by intratra-
cheally administered lindane one day after treatment 
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(Table 4). The inhibition was about 30% of control 
values which was returned to normal level five days 
after exposure (Table 4). 
Effect of lindane on glutathione peroxidase activity 
Glutathione peroxidase activity was significantly 
increased 1, 3 and 5 days after exposure (Table 4). 
After one day, the increase in enzyme activity was 78% 
and after five days the increase was only 9% of control 
values (Table 4). 
Effect of lindane on superoxide dismutase activity 
Values of superoxide dismutase activity of rat 
lung in post mitochondrial supernatant of control and 
treated animals, 1, 3 and 5 days after single pulmonary 
exposure are given in Table 4. The data indicate that 
the enzyme activity was not significantly changed by 
lindane at any time interval after exposure (Table 4). 
Effect of lindane on the reduced glutathione (GSH) 
content 
Reduced glutathione (GSH) content was measured in 
lungs of control and treated animals at different time 
intervals after pulmonary exposure to lindane. The 
reduced glutathione content was significantly reduced 
only one day after treatment (Table 5). 
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TABLE - 4 
Effect of in t ra t rachea l ly administered lindane on enzymes of glutathione meteba 
and si?)eroxide dismutase enzyme in post mitochondrial svpernatant of ra t lung • 
1, 3 and 5 days af ter treatment. 
Each value represents the mean i SE of s i x animals. 
Enzymes 
Time 
days Control Treated 
Glutathione reductase 
Glutathione peroxid9.se 
Si5)eroxide dismutase 
1 
3 
5 
1 
3 
5 
1 
3 
5 
5.881+0.292 
5.915ijD.135 
5.091±0.177 
7.588+0.287 
8.145+0.189 
8.656+0.122 
15.017+1.533 
14.135+1.101 
16.128+1.292 
4.141+0.243** 
(-30) 
4.432+0.198** 
(-25) 
4.689+0.218 
13.523+0.191* 
(+78) 
11.412+0.177* 
(+40) 
9 .381 ±0.212** 
(+9) 
14.934+2.474 
13.951+1.780 
14.160+1.461 
CD diange/hr/mg pro te in . 
Figures in parentheses ind ica te % d i a n ^ , increase (+) and decrease (-) 
in t reated animals as compared to t h e i r corresponding cont ro l s . 
*Significantly different from the values of corresponding controls . (P < 0.01) 
**Significantly different from the values of corresponding controls . (P < 0.05) 
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TABLE - 5 
Effect of in t ra t racheal ly administered lindane on r a t lung glutathione 
contents - 1, 3 and 5 days after t reatment. 
Values a re represented as mean + SE of s ix animals. 
G l u t a t h i o i e c o n t e n t s 
Reduced g lu ta th icme (GSH) + 
Oxidized g l u t a t h i o n e (GSSG)+ 
GSH/tJSSG r a t i o 
Time 
days 
1 
3 
5 
1 
3 
5 
1 
3 
5 
Cont ro l 
10.822+0.060 
9.786+0.041 
10.576±0.389 
0.224+0.008 
0.236+0.013 
0.222+0.011 
48.313 
41.466 
47.640 
Treated 
6.156+0.310* 
(-43) 
8.011+D.106** 
(-18) 
9.954+0.114 
0.419+0.010* 
(-^87) 
0.325-K).032** 
(+38) 
0 .263jp .013 
14.692 
2 i .649 
37.848 
+ug/gm lung. 
Figures in parentheses indica te % chan^ , increase (+) and decrease (-) in 
t rea ted as compared to corresponding con t ro l s . 
*Significantly different from the values of corresponding controls . P < 0.01) 
**Significantly different from the values of corresponding con t ro l s . P < 0.05) 
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Effect of lindane on the oxidized glutathione (GSSG) 
content 
Oxidized gluta thione was s ign i f i can t ly increased 
by 87% in ra t lungs 1 day a f te r exposure t o lindane 
i n t r a t r a c h e a l l y (Table 5 ) . No s ign i f i can t change was 
found five days a f t e r l indane treatment (Table 5 ) . 
In Vitro Studies 
Effect of lindane on benzo(a)pyrene hydroxylase act iv i ty 
The enzyme a c t i v i t y was determined a f t e r 
pre-incubation with 10,100 and 1000 ppm concentration of 
lindane (Table 6 ) . A concentration dependent inhibi t ion 
of enzyme a c t i v i t y was found with a l l the concentrations 
(10, 100 and 1000 ppm) of pes t i c ide , the inhib i t ion 
being 39% , 60% and 66% respect ively (Table 6 ) . 
Effect of lindane on epoxide hydrolase act iv i ty 
Changes induced by l indane (10,100 and 1000 ppm) 
on epoxide hydrolase a c t i v i t y _i£ v i t r o are given in 
Table 6. The enzyme ac t i v i t y was reduced by 23%, 6 5% 
and 71% respect ively (Table 6 ) . 
Effect of lindane on the ac t iv i ty of glutathione-S-
transferase 
Table 6 ind ica tes the effect of lindane on 
g lu ta th ione-s - t r ans fe rase a c t i v i t y In v i t r o . The enzyme 
a c t i v i t y was reduced by 13% and 59% with 100 and 1000 
ppm concentration of lindane (Table 6 ) . 
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Effect of lindane on enzymatic and non-enzymatic lipid 
peroxidation of rat lung microsomes 
The data on the activity of lipid peroxidation at 
concentrations of 10, 100 and 1000 ppm of lindane are 
given in Table 7. Significant changes were not found in 
microsomes, NADPH induced or Fe induced lipid 
peroxidation (Table 7). 
Effect of lindane on glutathione reductase activity 
The pre-incubation of enzyme with lindane (10, 100 
ppm) did not induce significant changes in glutathione 
reductase activity (Table 8). However, the enzyme 
activity was inhibited by 37% J^ vitro with lindane at 
a concentration of 1000 ppm (Table 8). 
Effect of lindane on glutathione peroxidase activity 
The enzyme activity was significantly elevated in 
vitro with all the concentrations of lindane. The 
changes were significant and the values are given in 
Table 8. 
Effect of lindane on super oxide dismutase activity 
The superoxide dismutase activity was not 
significantly changed with any concentration of lindane 
(Table 8). 
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Effect of Intratracheally Administered Lindane on 
Pulmonary Consumption of Glucose Determined by Isolated 
Lung Perfusion Technique 
Glucose was estimated in perfusate samples 
collected at 15, 30 and 60 rain after starting the 
perfusion of the organ. The percentage consumption of 
glucose in lindane treated rat lungs and control animals 
was determined. 
Lungs perfused one day after intratracheal 
administration of lindane exhibited slightly increased 
glucose consumption than the corresponding controls 
(Table 9 ), the increase in glucose consumption being 13, 
17 and 20% of controls after 15, 30 and 60 min 
respectively (Table 9 ). However, five days after 
lindane treatment the glucose consumption was not 
significantly different from that of controls (Table 9) . 
Effect of Intratracheally Administered Lindane on 
Hepatic Consumption of Glucose by Isolated Liver 
Perfusion Technique 
The glucose consumption was significantly 
increased in treated animals as compared to controls, 
the increase being 39, 37 and 44% of contorls after 15, 
30 and 60 min of perfusion respectively, 1 day after 
exposure (Table 10) . The changes were, however, not 
significant five days after lindane treatment (Table 
10) . 
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TABLE - 11 
Effect of i n t r a t r ad i ea l ly administered lindane on glucose-6-phosphatase 
ac t iv i ty of ra t lung and l i v e r - 1 , 3 and 5 days a f te r t reatment. 
Each value i s the mean ± SE of s ix animals. 
Tissue 
Lmg 
Liver 
Time 
days 
1 
3 
5 
1 
3 
5 
Control 
3.178+0.161 
3.411+0.215 
3 .278+0,334 
4.999+0.350 
4.813+0.215 
5.119+0.172 
Treated 
2.531+0.219** 
(-21) 
2.712+0.181** 
(-20) 
3.089t0.226 
2.612+0,113* 
(-48) 
3.514+0.141** 
(-27) 
5.778+0.189 
/I moles inorganic phosphorous (Pi) l ibera ted/hr /ng pro te in . 
Figures in parentheses indica te % decrease (-) in t rea ted as cotipared 
to corresponding cont ro l s . 
•Significantly different from the values of corresponding cont ro ls . P < 0.01) 
• •Signif icant ly different from the values of corresponding cont ro l s . P < 0.05) 
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Effect of Lindane on Rat Lung Glucose-6-phosphatase 
Activity 
Glucose-6-phosphatase a c t i v i t y of r a t lungs was 
measured at d i f ferent time in te rva l s a f te r treatment 
with l indane. The enzyme a c t i v i t y was s ign i f ican t ly 
inhibi ted only one day af te r l indane treatment (Table 
11). 
Effect of Lindane on Rat Liver Glucose-6-Phosphatase 
Enzyme Activity 
The enzyme a c t i v i t y in r a t l i ve r was s ign i f ican t ly 
inhibi ted one day af te r the administrat ion of lindane 
(Table 11); at other periods, s ign i f i can t changes in 
enzyme ac t i v i t y were not present (Table 11). 
DISCUSSION 
The foregoing r e su l t s indica te changes in the 
a c t i v i t i e s of raicroscanal enzymes, cytochrome P-450 and 
P-448, and enzymes of glutathione metabolism in the lung 
of l indane exposed animals. 
Lung i s considered a nontarget organ for most of 
the dele ter ious effects of pe s t i c ides . However, 
several reports are avai lable suggesting changes in 
xenobiotic metabolism in lungs following pulmonary 
exposure to insec t i c ides (Narayan et a^., 1984; 
1985a,b). Further, res idues of various organochlorine 
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insecticides including lindane have been 
detected in the lung tissue. The accumulation of 
pesticide residues in lungs may have some bearing to 
pulmonary cancer which is also evident from the findings 
of Sadoski (1980). The lungs of cancer patients 
contained organochlorine residues three times higher 
than in the lungs of patients dying from other causes. 
According to Barthel (1976) the incidence of lung cancer 
was more amongst workers exposed to various 
organochlorine pesticides than other subjects. These 
findings suggest that lung is one of the sites where 
pesticide residues may be accumulated exerting adverse 
effects on lung metabolism directly or indirectly. Any 
interference in the assembly of xenobiotic metabolism 
may affect the clearance of foreign chemicals reaching 
the site through inhalation. Thus the effect of 
pesticide may either be direct i.e. of the compound 
itself, or the compound may be metabolized into 
potentially toxic compound(s). The direct toxic effects 
may be the interference in the metabolism of tissues, 
inhibition or activation of enzymes etc. A change in 
the activity of enzymes involved in the disposition of 
foreign chemicals may reduce or enhance their stay in 
the lung tissue. Altered clearance pattern may be an 
indirect effect on metabolism caused by the pesticide 
exposure. Therefore; we have examined the effect of 
insecticide lindane on the enzymes of xenobiotic 
metabolism in lung. The dose of the compound used in the 
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study was re la ted to the i n t r a t r achea l LD50 values 
determined e a r l i e r (Khan, 1988). Pulmonary LD values of 
50 
lindane were not determined previously. However, 
earlier workers reported an acute oral LDgg of lindane 
125 mg/kg body weight of rats (Sherman, 1948). The 
dermal LD was found to be 500 mg/kg body weight of rats 
50 
(Dikshith et^  a]^. , 1973). In the present study lindane 
was intratracheally administered and acute LD_- value 
calculated which was found to be 20.9 mg/kg body weight 
of rats. The low LD value obtained in this study 
50 
suggested relatively greater toxicity of the conpound 
through pulmonary route. This may be due to rapid and 
quicker aifporption of the compound through lungs than 
oral or dermal routes. The toxicity of lindane is 
manifested by tremoyj^  , convulsions, nervous excitation 
as reported previously. In our study also, the 
stretching of hind limbs along with symptoms of 
paralysis were observed within an hr of intratracheal 
administration of lindane. Other symptoms included 
difficulty in respiration. Similar effects have been 
reported by other workers (Boyd and Chen, 1968). It was 
also found that animals could tolerate 15 mg/kg, lindane 
without any mortality 24 hr after administration.Further 
increase in the dose decreased the survival of animals. 
The cause of death has been attributed to respiratory 
failure by earlier workers (Boyd and Chen, 1968). 
Treatment with a single dose of 5 mg/kg intratracheally 
did not induce significant changes in the body weight of 
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animals upto 24 weeks. Higher concentrations reduced 
the growth of animals though the effect was only 
marginal. Loss of appe t i t e and re tarda t ion of animal 
growth by feeding lindane has been reported previously 
during the f i r s t week (Srinivasan and Radhakrishnaraurty, 
1977). 
The effect of lindane on pulmonary metabolic 
enzymes was e i the r s tudied by ±n v i t r o treatment or 
following in t r a t r achea l ingest ion. Jja v i t r o s tudies 
were conducted to ru le out the effects contributed by 
other factors operating under i_a vivo condi t ions . The 
enzymes of ac t iva t ion phase of metabolism, benzo(a)py-
rene hydroxylase and epoxide hydrolase and of 
conjugation phase g lu ta th ione-S- t ransferase were chosen 
for the study. This covered the phase I and phase II 
react ions of metabolism which transform foreign 
molecules to a form f i t for conjugation to make them 
more polar for quick elimination from the body. 
Benzo(a)pyrene hydroxylase and epoxide hydrolase 
a c t i v i t i e s in the microsomal fract ion were inhibi ted by 
in v i t r o treatment with lindane during assay of the 
enzymes (Table 6 ) . The ac t i v i t y of benzo(a)pyrene 
hydroxylase and epoxide hydrolase was a lso reduced in 
vivo in the microsomal fract ion prepared from lungs of 
in t r a t r achea l ly t rea ted animals a t 24 hrs (Table 1 ) . 
However, at 5th day the inh ib i t ion in the a c t i v i t y of 
benzo(a)pyrene hdyroxylase and epoxide hydrolase 
returned to near normal values (Table 1 ) . 
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Benzo(a)pyrene hydroxylase i s an enzyme of a r y l 
hydrocarbon hydroxylase (AHH) family which i s a c l a s s i c 
example of the cytochrome P-450 dependent mixed funct ion 
ox idase system. This enzyme system i s r e s p o n s i b l e for 
the a c t i v a t i o n of p o l y c y c l i c aromat ic hydrocarbons t o 
ca rc inogen ic and mutagenic m e t a b o l i t e s (DePierr and 
E r n s t e r , 1978; He ide lbe rge r , 1975). Therefore , c y t o -
chrome P-450 and P-448 con ten t s were a l s o measured in 
the p r e s e n t s t u d y . The r e s u l t s i n d i c a t e t h a t 
i n t r a t r a c h e a l exposure t o l indane r e s u l t e d in an 
induc t ion of monooxygenase cytochrome P-450 and P-448 
complex one day a f t e r t r e a t m e n t (Tale 2 ) . Other workers 
have a l s o r epor t ed an i n c r e a s e in the l e v e l s of 
cytochrome P-450 and cytochrome P-448 a f t e r t r ea tment 
with l i ndane ( P e l i s s i e r and Albrech t , 1976). The 
p r e s e n t r e s u l t s show t h a t l indane may a c t as compet i t ive 
i n h i b i t o r of the benzo(a)pyrene metabol ism. Similar 
response ; t h a t i s i n h i b i t i o n of hydroxyla t ion using 
a n i l i n e as s u b s t r a t e with s imul taneous induc t ion of 
monooxygenase system has a l s o been r e p o r t e d with PCB 
( p o l y c h l o r i n a t e d b ipheny ls ) sugges t ing compe t i t ive 
i n h i b i t i o n s of a n i l i n e hdyroxylase (Schmoldt et_ a l . , 
1977). Both cytochrome P-450 and P-448 a re induced by 
PCB (Alvares et a ^ . , 1973) . The i n h i b i t i o n of both the 
basal (uninduced) and 3-methyl cho l an th rene (MC) induced 
AHH of b i r d s by 7,8-Benzof lavone (BF) has a l so been 
r e p o r t e d by Husain et a J . , (1982) sugges t ing the 
occur rence of a d i f f e r e n t s p e c i e s of AHH highly 
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s e n s i t i v e towards BF. I t i s l i k e l y t h a t l indane 
s e n s i t i v e i n h i b i t i o n of AHH may be r e l a t e d t o the 
presence of a d i f f e r e n t dominant cytochrome P-448 type 
monooxygenase in lung independent of the s t a t e of 
i n d u c t i o n . 
I t has been r e p o r t e d t h a t only one s p e c i f i c form 
of pulmonary cytochrome P-450 was capable of 
metabol iz ing t h e benzo( a)pyrene t o r e a c t i v e m e t a b o l i t e s 
which cova l en t l y bind t o exogenous DNA (Wolf et^  aA^. , 
1979). In another s t u d y , l i ndane has been r epor t ed t o 
i n h i b i t cytochrome P-450 (Madhukar and Matsuraura, 1979) . 
Therefore , such d i f f e r e n c e s may be due t o the n a t u r e and 
form of cytochrome P-450 a f f e c t e d . The polymorphic 
n a t u r e of cytochrome P-450 i s supported by the work of 
Comai and Gaylor , (19 73) and a l so by Thomas et^  a l . 
(1976) . 
The e x i s t e n c e of a cytochrome P-450 dependent 
pathway and a non dependent one have a l s o been r epor t ed 
(Kadlubar et al^. , 1976) . The s y n t h e s i s of cytochrome P-
450 in l i ndane t r e a t e d r a t s may not be e f f i c i e n t enough 
t o have an e f f e c t upon the cytochrome P-450 non 
dependent pathway. 
However, t he e f f e c t s of l i ndane r e p o r t e d above may 
involve e i t h e r one or more of the f a c t o r s . C e r t a i n 
independent isoenzjrraes have a l s o been r epo r t ed by 
Schmoldt et a_l. (1977) ; Hansen and Fouts (1971); Hayes 
et a l . (1973) and Harper (1971) . The r o u t e , mode of 
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adminis t ra t ion, durat ion of exposure, age and species 
difference also play an important role in inhib i t ion or 
induction of enzymes (Gelboin et^  aj^. , 1970; Wiebel et_ 
a l . , 1975; Oesch e^ a_l. , 1977; B a r t s c h e t &1., 1977; 
Mikol et^  aJ:-, 1980). Species and organ spec i f i c i t y in 
the case of epoxide hydrolase and benzo(a)pyrene 
monooxygenase a c t i v i t y in rodents has also been reported 
by Oesch and Schmassmann (1979). Further a-isomer of 
HCH has been reported to exert e i the r inhib i tory or 
st imulatory effects on mixed function oxidase system in 
l i v e r t i s sue of r a t s depending upon the dose and 
duration of treatment (Shurlt-Hermann et^  a:!* , 1974). 
Other s tudies with l indane reported induction of mixed 
function oxidases in r a t l ive r by ora l administrat ion of 
chemical e i the r by d i rec t intubation (Ford et_ aA. , 1976) 
or given in diet (Mikol et^  aj^* , 1980; Srinivasan and 
Radhakrishnamurty, 1977; Tonkelar and Van Each, 1974; 
Madhukar and Matsumura, 1979). The leve ls of cytochrome 
P-450 and P-448 were increased. Interconversion of 
various forms of cytochrome can be induced by a number 
of agents including phospholipases and may be re la ted to 
a disturbance of the l i p o p h i l i c environment surrounding 
the heme (Hogberg et^  s^-, 1973; Imai and Sato, 1967). 
E lec t roph i l i ca l ly reac t ive epoxides formed by the 
action of microsomal mono-oxygenase system may 
covalently bind to c e l l u l a r macromolecules such as DNA, 
RNA and prote in and may thereby exert a cytotoxic , 
mutagenic or carcinogenic effect (Daly et aJL. ,1972; Sims 
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and Grover, 1974 and Nebert et^  a J . ,1975) . The 
i n a c t i v a t i o n of such r e a c t i v e epoxides i n t e rmed ia t e s can 
be c a t a l y s e d by the cy top lasmic g l u t a t h i o n e - S -
t r a n s f e r a s e s (Boyland and Chasseaud, 1969); Habig et^  
a l . , 1974; J e r i n a and Bend, 1977) and by microsomal 
epoxide hydro lase (Oesch, 1973; J e r i n a and Daly, 1974). 
However, the l a t e r enzyme in some cases provides the 
p r e c u r s o r d i h y d r o d i o l s which can se rve as s u b s t r a t e for 
o t h e r epoxidases conver t ing the d ihyd rod io l s to more 
po ten t mutagenic d ihyd rod io l epoxides such as 7 , 8 -
dihydrobenzo( a)pyrene - 9 ,10-ox ide which can not be 
i n a c t i v a t e d by epoxide h y d r o l a s e s . 
In the p r e s e n t study epoxide hydro lase was 
i n h i b i t e d by j ^ v i t r o t r ea tmen t (Table 6 ) . The 
i n h i b i t i o n was s i g n i f i c a n t a t a l l c o n c e n t r a t i o n s and was 
dose dependent . S i g n i f i c a n t i n h i b i t i o n in the enzyme 
a c t i v i t y was found In. v ivo one day a f t e r the 
a d m i n i s t r a t i o n of l i n d a n e (Table 1 ) . However, 
g l u t a t h i o n e - S - t r a n s f e r a s e a c t i v i t y was s i g n i f i c a n t l y 
inc reased (Table 1 ) . 
In f luence of l indane on the mixed funct ion 
oxidase of lung has not been s t u d i e d . Our f i nd ings on 
the i n h i b i t i o n of benzo(a)pyrene hydroxylase and epoxide 
hydro lase (Table 1) by l i n d a n e , t h e r e f o r e , assumes 
s i g n i f i c a n c e for being the f i r s t r e p o r t . Though lung 
seems t o possess a c a p a b i l i t y of overcoming the 
i n h i b i t i o n in a few days but how far i t can cope up in 
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case of repeated exposure i s yet to be worked out . Even 
a f t e r s ingle exposure for several days mixed function 
oxidases of lung remained operat ive a t lower eff ic iency. 
This d i s a b i l i t y may have serious repercussions on the 
metabolism of other chemicals reaching the t a rge t , since 
lung i s another organ d i rec t ly exposed to environment 
besides skin and gut . Benzo(a)pyrene i t s e l f may assume 
signif icance as i t s capab i l i ty to induce lung cancer has 
been unequivocally proven by in t r a t r achea l pe l l e t 
implantation experiments (Woo and Arcost, 1981; Cohen et 
a l . , 1976). Benzo(a)pyrene i s one of the most abundant 
carcinogen in pol luted c i ty a i r (Badger et^  aJ.. , 1960) 
and a l so chemically present in tobacco smoke (Cooper and 
Lindsey, 1955; Bonnett and Neukomm, 1956; 1957; 
L a t a r j e t , et^  aJ:« , 1956). These workers have estimated 
the amount of benzo(a)pyrene ava i lab le from per 100 
c i g a r e t t e s which was found to be 0.5-2.2 /ig/100 
c i g a r e t t e s . Benzo(a)pyrene i s metabolized by a 0 and 
NADPH dependent mixed function oxidase (MFO) system 
present in microsomal f rac t ion . Benzo(a)pyrene i s a lso 
considered to be a potent lung carcinogen and 
metabolized through the formation of highly reac t ive 
epoxides (Jerina et^  a l . ,1970; Grover e^ aA., 1971; 
Selkirk et B^. , 1971). Two major pathways for 
subsequent epoxide biotransformation or hydroxylation to 
diol by microsomal epoxide hydrolase and conjugation 
with glutathione catalysed by g lu ta th ione-S- t ransferase 
are reported (Habig et^  aJ^. ,1974; James eib a l . , 1976; 
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Mukhtar and Bresnick, 1976a,b; Jer ina and Bend, 1977). 
Glutathione-S-t ransferase i s t ru ly detoxifying 
mechanism whereas epoxide hydrolase i s a l so thought to 
be an ac t iva t ing s tep (Sims et^  aj.. , 1974) because on the 
one hand i t hydrates epoxide t o the re la ted non-
carcinogenic dihydrodiol metabolites yet on the other 
hand, dihydrodiol metaboli tes may become the subs t ra te 
of epoxidase to give r i s e to dihydrodiol epoxide which 
i s more reac t ive b io log ica l ly than the or ig ina l epoxide. 
Xenobiotic metabolism in di f ferent organs has been 
suggested to be under individual control and not 
i n t e r r e l a t e d (Fouts and Devereux, 1972). Ray (1967) 
indicated that microsomal inh ib i t ion of naphthalene 
hydroxy la t ion of Sesamex i s a competetive process . 
Sesaraex a l so inhibi ted epoxide of a ld r in to d ie ldr in by 
the same competitive process . 
While enzymes of phase I reac t ions were inhibi ted 
shor t ly af te r pulmonary exposure and tend to re turn to 
normal values five days af ter exposure, the effect of 
in t ra t r achea l treatment was not inhib i tory on 
g lu ta th ione-S- t ransferase a c t i v i t y (Table 1 ) . In fact 
the a c t i v i t y was enhanced one day a f t e r exposure (Table 
l ) .The level of elevated enzjmie returned towards normal 
values in 5 days (Table 1 ) . This further emphasized 
that the effect of lindane on the assembly of xenobiotic 
metabolism of lung was not unspeci f ic , ra ther phase I 
and phase II reac t ions exhibited a reverse response. 
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In any case the changes in the a c t i v i t i e s of enzymes of 
phase I and phase II reac t ions were revers ib le with 
t ime. The recovery i s probably re la ted t o the clearance 
k i n e t i c s of lindane in the lung t i s s u e . To the best of 
our knowledge k ine t i c s of lindane clearance from 
pulmonary t i s sue has not been reported elsewhere. This 
aspect has been dealt with in the next chapter (Chapter 
V). 
Lindane i s metabolized by a number of pathways in 
which both mixed function oxidases and conjugation 
enzjrmes are involved (Chadwick et a^. , 1985). I t has 
been reported that l indane f i r s t undergoes reduct ive 
dehalogenation leading to the formation of lindane 
derived free rad ica l s (Baker et^  aj^ « , 1985). Production 
of l indane derived free rad ica l s in the process involves 
cytochrome P-450. However, in lindane t rea ted animals, 
the level of superoxide dismutase was not s ign i f i can t ly 
d i f fe ren t from the control values (Tables 4 and 8) which 
rules out the p o s s i b i l i t y of involvement of superoxide 
r a d i c a l s , Grover and Sims (1965) reported that lindane 
ay\d- Y-PCCH (pentachlorocyclohexene) y i e ld 
i den t i ca l metaboli tes a f te r ora l administrat ion and 
concluded that Y-PCCH i s a lso an intermediate of lindane 
which was confirmed by Engst et^  aj^. (1976a,b). I t i s 
obvious that l indane generated free rad ica l s being 
highly reac t ive may yield Y-PCCH by pairing of odd 
e l ec t rons . The formation of Y-PCCH leads to the 
formation of aromatic compounds. Multiple hydroxylation 
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of aromatic rings detoxified the lindane to form PCCOL 
(Chadwick and Freal, 1972b; Freal and Chadwick, 1973) 
and TeCCOL (Engst et^  aj^. , 1976a,b). Methylation and 
dehydrogenation of phenolic hydroxy groups are also 
included in the pathway. It is obvious that this 
substance could be degraded to pentachlorophenol (PCP) a 
toxic metabolite, whose toxicity corresponds to that of 
lindane. Thus in the metabolism of lindane detoxifying 
steps follow the toxication. PCP may be metabolized in 
two ways, methylation of the hydroxyl group of the 
phenol (Suzuki and Nose, 1971) or by progressive 
dechlorination of PCP. Simultaneous occurrence of both 
the pathways leads to the formation of 2,3,4,6-
tetrachloroanisol (Engel et^  aj^. , 1966) which results in 
detoxification of the compound. As referred above, 
dehydrochlorination of +he. lindane to form y-
PCCH has been suggested to be one of the pathways for 
its metabolism (Sims and Grover, 1965). 
Changes in lipid peroxidation in rat lung 
microsomes of lindane treated animals are given in table 
3. Slater (1972) and Dianzani and Ugazio (1978) had 
proposed lipid peroxidation as a major molecular 
mechanism involved in cellular or tissue injury. 
Peroxidation of lipid involves the formation of free 
radicals from unsaturated acyl chains of membrane lipids 
(Pryor, 1976; Tappel, 1980; O'Brien, 1980) derived 
either from oxygen (Oj , OH ) or from xenobiotic itself 
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as in the case of CCl^ j (Slater ,1972; Dianzani and 
Ugazio, 1978; Benedetti et al. (1974). Lipid 
peroxidation induced by paraquat has also been reported 
(Bus et aJ. , 1976). Dianzani and Ugozio (1978) and 
Frank et^  aA. (1982) reported the formation of reactive 
intermediates involved in reductive activation of CCl^  
by microsomal fraction. Microsomal reductive process 
catalysed by cytochrome P-450 requiring NADPH is also 
known to be involved in DDT intoxication (Essaac and 
Matsumura, 1980). DDT has also been reported to inhibit 
NADPH induced lipid peroxidation in lungs after 
intratracheal innoculation (Narayan et^  aJ^ , 1985) . The 
possibility of lindane related free radicals in the 
process of reductive biotransformation by liver 
cytochrome P-450 system was suggested by Junqueira et^  
al. (1986). More recently, Carlson and Chadwick (1987) 
demonstrated the effects of a number of inducers and 
hepatotoxic agents and the altered metabolism of 
xenobiotics. Lindane was used as substrate in their 
experiments. Recently Baker et^  aJ^ . (1985) suggested the 
formation of gamma pentachlorocyclohexene radical by the 
reductive microsomal dehalogenation of lindane. 
The generation of free radicals may induce lipid 
peroxidation reaction. Changes in lipid peroxidation 
(Table 3) observed in our study may be correlated with 
the metabolism of lindane. According to results 
presented above, lipid peroxidation in microsomal 
fraction of lindane treated animals was activated (Table 
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3). This activation was mainly contributed by non-
enzjmiatic lipid peroxidation reactions, while NADPH-
linked lipid peroxidation was not affected in early 
stages (Table 3) . Like other reactions of metabolism, 
the changes in microsomal lipid peroxidation also 
returned to normal values five days after exposure 
(Table 3). However, NADPH-1inked lipid peroxidation was 
slightly induced at 5th day of exposure. If the 
induction of lipid peroxidation was linked with lindane 
metabolism generating free radicals, it may be 
anticipated that the recovery in alterations was due to 
the clearance of lindane from the lung. The results 
presented in Chapter V also indicate clearance of 
lindane from lungs at the same time interval after 
exposure. 
The effects of lindane on the enzymes of 
glutathione metabolism-glutathione peroxidase, glutath-
ione reductase, and GSH and GSSG contents were also 
determined. At the early stage (one day after exposure) 
glutathione peroxidase activity was significantly 
increased while glutathione reductase was inhibited 
(Table 4). The inhibition of glutathione reductase and 
increased activity of glutathione peroxidase favours 
depletion of glutathione (GSH) in lindane treated 
animals (Table 5). The increased level of GSSG and 
decreased level of GSH depressed the GSH/GSSG ratio 
(Table 5), which is consistent with the findings of 
other workers (Videla et aJ.. , 1990) . 
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I t was previously reported that microsomal l i p i d 
peroxidation was often accompanied by a decrease in the 
a c t i v i t i e s of glucose-6-phosphatase and NADH-cytochrome 
c-reductase (Hochstein and Ernster , 1964). As reported 
e a r l i e r (Chapter I I I ) , lung NADH-cytochrome-c-reductase 
a c t i v i t y was s ign i f i can t ly decreased in lindane t reated 
animals. Glucose-6-phosphatase a c t i v i t y was also 
s ign i f i can t ly decreased in lung and l i v e r (Table 11) . 
The decrease of glucose-6-phosphatase ac t i v i t y during 
l ip id peroxidation has also been reported by several 
workers (Ghoshal and Recknagel, 1965; Coraporti and Rita, 
1966; Feuer et^  aj^. , 1967; Kaschnitz and Mittermayer, 
1969 and Wills , 1971). The decrease in lung and l i v e r 
glucose-6-phosphatase a c t i v i t y in r a t s t rea ted i n t r a t r a -
cheally with lindane i s a lso consis tent with the 
observations of Srinivasan and Radhakrishnamurty (1988). 
The inh ib i t ion of glucose-6-phosphatase a c t i v i t y may 
tend to increase the glucose-6-phosphate content which 
i s metabolized by a number of pathways including direct 
oxidation or through the hexose monophosphate (HMP) 
shunt pathway. Glycogen content has been reported to be 
reduced in lindane in toxica t ion (Srinivasan et^ a l . , 
1988). The HMP-shunt pathway may be favoured by 
increased a v a i l a b i l i t y of glucose-6-phosphate resul t ing 
in d i rec t oxidation of glucose in lindane t r ea t ed 
animals (Bhatia et^  aJ^. , 1972a,b). In our s tud ies , the 
glucose consumption was s ign i f i can t ly increased in lung 
(Table 9) and l i v e r (Table 10). The increase in glucose 
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consumption may be due to hypoxia inducing stress which 
may increase glucose consumption to provide extra energy 
(Basha et 6L1. , 1984). 
The changes in enzyme activities may be due to 
structural damage caused by free radicals reported to be 
generated during lindane metabolism (Bakeret al., 1985). 
The changes in activity found one day after exposure did 
not persist till five days in most of the experiments. 
The immediate presence of lindane and its metabolites 
and ultimate clearance may be related to the induced 
changes and recovery, 1 to 5 days after exposure 
respectively. This is further supported by the La vitro 
studies where the enzymes were directly treated with the 
compound. This is in agreement with the results of 
elimination kinetics of lindane in the lung tissue which 
retained only traces of lindane residues five days after 
exposure (Chapter V). 
CHAPTER - V. 
METABOLISM, EXCRETION & 
CHANGES IN CLEARANCE 
KINETICS OF OTHER 
XENOBIOTICS FROM LUNGS. 
MATERIALS AND METHODS 
Animal Experiments 
a. Administration of lindane 
Lindane was administered intratracheally. The 
details have been described in the earlier sections 
under the plan of work. Animals were killed 6 hrs, 12 
hrs, 24 hrs (1 day), 72 hrs (3 days), 120 hrs (5 days) 
after treatment. 
b. Administration of aldrin in lindane treated rats 
Animals were injected with lindane 
intratracheally as described earlier. Controls received 
equal volume of vehicle alone by the same route. 
Controls and lindane treated animals were innoculated 
with aldrin (2.5 mg/kg) by the same route after 1, 3 and 
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5 days. The animals were k i l l e d 6 hrs a f te r a ldr in 
t reatment . 
c. Administration of benzo(a)pyrene 
Benzo(a)pyrene (5 mg/lung) was administered in 
controls and lindane t r ea ted r a t s as described above. 
Collection of Blood 
Blood samples were col lected from control and 
experimental r a t s at d i f ferent time in te rva l s af ter 
lindane t reatment . Samples of 2.0 ml each were 
col lected in heparinized tubes (200 un i t s /ml ) . 
Collection of Adipose Tissue and Other Body Organs 
The animals were sacr i f iced and lung, l i v e r , 
brain, kidney, spleen, heart and adipose t i s sue were 
removed for further processing. Lungs of Benzo(a)pyrene 
t rea ted r a t s were processed separately under subdued 
l i g h t . 
Collection of Urine and Faeces 
Lindane t rea ted r a t s were put in metabolic cages 
for separate co l lec t ion of ur ine and faeces. The ur ine 
and faeces were col lec ted af te r 24 hrs dai ly for five 
consecutive days. 
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Extraction of Lindane and Metabolites fro« Various 
Tissues 
The method of Heeshane et al,. (1983) as also 
described by Artigas et aj.. (1988) was used with slight 
modification. Tissues were minced and homogenized in 2 
ml of 0.15 N NaCl in{Potter-Elvehjem type homogenizer. 
The homogenate and blood were separately mixed with 10 
ml hexane after acidification by 1 N HCl (pH 4.0) and 
rehomogenized. The mixture was stirred for 1 hr in a 
wrist action shaker with anhydrous Na2S0i|(4 times the 
tissue weight) and filtered. The residue was extracted 
three times with 5 ml hexane each time. The extracts 
were pooled. 
Extraction from Urine 
The pooled urine samples were extracted according 
to the procedure described by Chadwick and Freal 
(1972b). The samples were acidified to pH 4.0 by the 
addition of 1 N HCl. The acidified samples were 
extracted three times with equal volume of benzene. 
Benzene layer containing lindane and its soluble 
metabolites were combined. 
Extraction from Faeces 
1 gm of faeces were taken in a pestle and mortar 
and powdered with 1.5 ml of IN HCl and 2 gm of anhydrous 
Na^ SO^. A few drops of benzene were also added to wet 
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the mixture. The powdered mixture was t ransferred to a 
conical f lask and extracted with benzene. The res t of 
the procedure was the same as described for urine 
ex t r ac t i on . 
Extraction of Aldrin fro* Lungs 
Aldrin was extracted with hexane from lungs by 
mincing and homogenizing the t i s sue in 2 ml of sa l ine 
as described elsewhere for l indane. 
Extraction of Benzo(a)pyrene froB Lungs 
The extract ion of benzo(a)pyrene was performed by 
mincing and homogenizing the lung t i s sue in 2 ml water 
under subdued l i gh t to avoid photo-decomposition of 
benzo( a)pyrene. The homogenate was mixed with 5 ml of 
ethyl ace ta te , rehomogenized and t ransferred into a 
stoppered conical f l a sk . Anhydrous NapSOh was added 
with continuous shaking for ^ hr on a mechanical 
s t i r r e r . After 1 hr , the mixture was f i l t e r e d . The 
residue was extracted f ive times with 5 ml a l iquots of 
ethyl a c e t a t e . The ex t rac t s were pooled. 
The f-taCAAOhaXioM ext rac t s was performed according 
to the procedure of Heeshane et^  aj . . (1983) and Chadwick 
and Freal (1972b) with s l i gh t modifications. To the 
r 
A 
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hexane layer, containing lindane residues and other 
hexane soluble metabolites, 3 ml of concentrated 
sulphuric acid was added. The mixture was shaken well 
and allowed to remain till the hexane layer separated 
out. The hexane extract was also washed with 10 ml of 
distilled water to remove traces of acid by vigorous 
shaking. The hexane/benzene layers were also depigmented 
by treatment with activated charcoal. A chromatographic 
column (30 cm x 1 cm) fitted with activated florosil to 
the ctjL^lk oj-If )y\d\th covered with half an inch layer of 
anhydrous sodium sulphate (NapSO^), <!j uvicivC^. o( ^ lil'lX* gel 
(activated at 170 C over night) above this, followed by 
an inch of anhydrous Na2 SO^ at the top was used. 
Hexane/benzene 15 ml each was added to prewet the 
coliomn, and thereafter hexane/benzene extract was 
loaded, allowed to get absorbed into the layers. Elution 
was next started with 5 ml hexane/benzene five times. 
The eluant was collected, condensed to dryness in rotary 
vacuum flask evaporator. The residue was dissolved in 1 
ml hexane/benzene and analysed by gas chromatography. 
Analysis of Aldrin, Lindane and its Hexane/Benzene 
Soluble Metabolites by Gas Liquid Chroaatography (GLC) 
The concentrated eluants obtained from the 
(^  step were subjected to gas liquid chromatography. The 
instrument Chemito 3865 chromatograph equipped with 
electron capture detector (Nickel foil served as a 
radioactive source) was used. 
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Metabolites by Gas Liquid Chromatography (GLC) 
Samples were assayed by gas liquid chromatography (GLC) 
according to the procedure described by Heeshane et aJL (1983) • 
The sanples were analysed on chemlto-3865 gas chromatograph 
using Electron Capture (Nickel) Detector at the operating 
conditions given below t detector ten^jerature 220°C, injector 
temperature 210 C, column temperature 200°C, gas flow 40 ml/rain; 
gas pressure 4 KP/cm; Carrier gas 99% ultra pure nitrogen 
(lOLAR), Column coiled stainless steel 6*xl/8" packed with 
liquid phase 5% OV-17 on cnw (HP) MT-300°C, 
Estimation of Benzo (a) Pyrene by GLC 
The operating conditions for the estimation of benzo(a) pyrene 
were slightly different. It was estimated on GLC using Flame 
Ionization Detector connected to the above column. Temperature 
for injection, column and detector were kept at 350°C, 280°C 
> o 
and 350 C respectively. A mixture of Hj and 0^ was used as a 
fuel with flow rate of 30 and 300 ml/min respectively while 
Nj was used as carrier gas with flow rate of 30 ml/min. Other 
conditions were the same as described for analysis of lindane 
and aldrin. Peaks were identified by comparing with those 
of standards. 
Area Calculation t 
X Peaks were extrapolated to form complete triangles. Mathe-
matical formula Perpendicular x base was applied 
2 
for the calculations of areas under peaks as described by 
Heeshane et a^.,(l983) and Kaphalia et^  al.,(1981) . 
\—2Cm —^ 
GLC PEAK 
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The d e t a i l s of t h e gas c h r o m a t o g r a p h i c c o n d i t i o n s 
were a s f o l l o w s : 
Make : Chein i to-3865 gas ch romatograph 
Column : C o i l e d s t a i n l e s s s t e e l 6 ' x 1 /8" 
packed w i t h l i q u i d p h a s e 5% OV-
17 on Cnw (HP) , MT-300*C 
99% U l t r a p u r e n i t r o g e n (lOLAR) 
40 ml/min 
4 KP/Cm 
E l e c t r o n C a p t u r e ( N i c k e l ) 
220 "C 
2 1 0 ' C 
C a r r i e r gas 
C a r r i e r gas flow r a t e 
Gas p r e s s u r e 
D e t e c t o r 
D e t e c t o r t e m p e r a t u r e 
I n j e c t o r t e m p e r a t u r e 
Column t e m p e r a t u r e 
A t t e n u a t i o n 
Mode of a n a l y s i s 
R e c o r d e r 
Char t speed 
200 **C 
1 X 64 ( s e n s i t i v i t y ) 
Modular f r e q u e n c y 
O m n i s c r i b e r e c o r d e r 220 on 1 mv 
r a n g e 
: 1 cm/min 
A n a l y s i s of Benzo(a )pyrene by GLC 
The c l e a n e d up and condensed s amp le s were a n a l y s e d 
under f o l l o w i n g o p e r a t i o n c o n d i t i o n s u s i n g f lame 
i o n i z a t i o n d e t e c t o r . 
Make 
Column 
Chemi to -3865 gas ch romatograph 
C o i l e d s t a i n l e s s s t e e l 6 ' x 1 /8" 
packed w i t h l i q u i d p h a s e 5% OV-
17 on Cnw (HP) , MT-300 C 
DELSTE])-
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Carrier gas 
Fuel mixture 
99% Ultra pure nitrogen (lOLAR) 
Hydrogen and oxygen in 1:10 
ratio 
Gas flow rates 
Hydrogen 
Nitrogen 
Oxygen 
Detector 
Detector temperature 
Injector temperature 
Column temperature 
30 ml/min 
30 ml/min 
: 300 ml/min 
Flame Ion 
350 °C 
350 °C 
: 280 *'C 
Attenuation 
(sensitivity) 
Mode of analysis 
Recorder 
Chart speed 
1 X 64 
Modular frequency 
Omniscribe recorder 220 on 
mv range 
: 1 cm/min 
Peak areas were calculated and compared with their 
respective standards. Since the concentration of stan-
dard was known, the concentration in unknown samples was 
computed. The concentration of unidentified metabolites 
of lindane was calculated against the peak area of 
parent compound obtained in relation to its known 
concentration. The concentrations expressed as unit/ml 
blood, urine or unit/gm tissue, faeces. 
• * l>tLBTET> 
Recovery Experiments 
To determine the efficacy of method used to 
extract Lindane, Aldrin, Benzo(a)pyrene concentrations 
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from biological samples, recovery experiments were 
performed adding known amounts of standard compounds in 
biological materials. The recovery was found to be as 
high as 94% in cases of aldrin or lindane and 98% in 
case of benzo( a)pyrene. 
RESULTS 
Lindane and its Metabolites in Various Tissues* Urine 
and Faeces after Pulmonary Exposure 
Two more peaks in GLC analysis of different 
tissues were observed besides a peak for parent 
compound. Thus two hexane soluble metabolites were 
-tksu 
detected during/metabolism of lindane after pulmonary 
exposure. Under the experimental conditions mentioned 
earlier, a peak for metabolite^I^was recorded after 14.4 
min and for metabolite,11^ shortly after the peak for 
lindane at 3.5 min of injection in GLC. Two or three 
peaks for major metabolites of lindane were also 
detected in urine and faeces. Blanks or untreated 
controls did not show any of the peaks detected in 
lindane treated rats. 
Lindane and its Metabolites in Lungs Following 
Intratracheal Injection 
The residue levels of lindane and its metabolites 
in lung tissues 6, 12, 24, 72 and 120 hr' after 
intratracheal administration are given in Table 1. 
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At the end of ^ hr the residue was 10,200.0 +_ 
108.9 ng/gm tissue. Rapid clearance of lindane from the 
lung was noted as lindane content was 2,590.6 +_ 43.1 and 
1,613.7 +_ 12.5 ng/gm tissue, 12 and 24 hr respectively 
after intratracheal injection. Later, the clearance rate 
was decreased. The lung tissue was found to contain 31.7 
j^  4.5 ng lindane per gm of tissue after 7 2 hr (3 days). 
On 5th day after exposure, 24.5 +_ 3.8 ng lindane per gm 
of tissue was detected in lungs (Table 1). The 
concentration of lindane in lung tissue was in the order 
6 hr > 12 hr > 24 hr > 72 hr :^  120 hr. 
Metabolite ;1^ appeared in the lung 6 hr after 
exposure while metabolite^I I^  appeared only 72 hr after 
exposure. The level of metabolite,!, was 410.8 + 17.8 
after 6 hrs (Table 1). The level of metabolite 
slightly increased 12 and 24 hr after exposure (Table 
1). Thereafter, the level of this metabolite was 
decreased significantly. Metabolite,!I, appeared in 
small amounts 72 hr (3 days) after exposure. !t could 
not be detected after 120 hr (5 days). 
Lindane and its Metabolites in other Body Tissues 
Lindane after intratracheal administration was 
distributed to other body tissues and gradually 
eliminated from there. Metabol ite ,1, and ^ !!^  were also 
detected in various organs. The accumulation and 
clearance pattern of lindane and its metabolites were 
followed in various organs as described below. 
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L i v e r 
The residues of lindane recovered from l ive r , 6, 
12 and 24 hr a f t e r administrat ion were 59.5+^5.4, 
273.7+^9.7 and 1270.0j+59.6 ng/gm of t i s sue respect ively . 
The data indicate a gradual increase in the accumulation 
of residues in l i v e r (Table 2 ) . At 72 h r s , the lindane 
content of the t i s s u e declined rap id ly . However; the 
ra te of clearance was rapid 5 days a f te r adminis t ra t ion. 
The residue content was 32.1j^4.2 and 5.6_+1.0 ng/gm of 
fresh t i s s u e at 72 hr and 120 hr respec t ive ly (Table 2 ) . 
The metabolite^I^was also detected 6 hr a f te r the 
administrat ion of l indane . The level of th i s metabolite 
was maximum af ter 24 hr (Table 2 ) . Another metabolite 
^11^ a l so appeared in hepatic t i s s u e a f t e r 24 hr (Table 
2 ) . The level of t h i s metaboli te was 1887.0+55.4 unit 
per gm of t i s s u e . Metabolite^I^, was not present 72 hr 
af ter the administrat ion of l indane. However, t races of 
lindane and metabol i te / I , pe r s i s t ed t i l l 5 days a f t e r 
lindane treatment (Table 2 ) . 
Brain 
The lindane content of the brain of rats, at 
different time intervals after exposure, is given in 
Table 3. After 6 hr the value was 173.7+^13.5 ng per gm 
of brain tissue. The lindane content of the brain was 
maximum 24 hr after and only traces could be detected 
after 5 days (Table 3). 
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The levels of metabolites ,1^ and ^ 11, i n the brain of 
lindane treated animals are also given in Table 3. 
After 6 hr, metabol ite^I^ was detected which was maximum 
after 24 hr and was present only in traces after 5 days 
(Table 3). Metabolite,11, was detected in the brain 
tissue only 24 hr after the administration of lindane 
(Table 3) . 
Kidney 
The residues of lindane in kidneys at different 
time in te rva l s a f te r in t r a t r achea l administrat ion are 
given in Table 4 . The res idue, 6 hr a f te r exposure, was 
30.9j^4,3 ng per gm t i s s u e . This increased to 112.7jt-5.1 
ng af te r 12 hr and 726.2+18.2 ng af te r 24 hr of exposure 
(Table 4 ) . Thereafter, the level of residue declined 
and only 1.8+^0.1 ng of lindane per gm t issue was 
detected on the 5th day a f te r exposure (Table 4 ) . 
Metabolite ^I^and metabol i te^ II; were detected in 
the kidney 24 hr a f te r exposure, the contents being 
673.3jf71.0 and 166.0+;89.3 unit/gm of t i ssue respec-
t i v e l y . The level of metabolite>I_> was increased 3 days 
a f t e r exposure and only t races could be detected af ter 5 
days. Metabolite j l l ; was detected only 24 hr af ter 
exposure (Table 4 ) . 
Spleen 
The residues and metabolites of lindane in spleen 
are given in Table 5. The residue of lindane (119.8+6.3 
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ng per gm fresh tissue) in the spleen was present 6 hr 
after exposure. The accumulation was maximum after 24 hr 
and only minute traces could be detected after 5 days 
(Table 5) . 
Both the metabolites; metabolite,I^and metabolite 
^llf were detected in spleen 24 hr after exposure, the 
contents being 3755.0^^184.0 and 350.Oj^ 17.5 unit/gm 
spleen tissue respectively. Metabolite,! I^  was absent 3 
and 5 days after exposure. The level of metabolite ^ I;, 
also declined and only traces were present 5 days after 
exposure (Table 5 ) . 
Heart 
The levels of lindane and its metabolites in 
cardiac tissue are given in Table 6. The lindane 
content of cardiac tissue was maximum 6 hr after 
exposure. The level of lindane slowly declined 3 days 
after exposure and only traces were present after 5 days 
(Table 6). 
Metabolite^Ij was present 24 hr after exposure. The 
level of metabolite ^ I, was significantly reduced 3 days 
after exposure and was present only in traces 5 days 
after exposure (Table 6). Metabolite jII, was not 
detected at any time period after exposure (Table 6 ) . 
Blood 
Level of lindane residues and metabolites in blood 
are indicated in Table 7. The l indane content of blood 
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increased t i l l 24 hr a f te r s ingle i n t r a t r achea l exposure 
(Table 7 ) . Lindane content of blood decreased s i g n i f i -
cantly three days a f t e r exposure. After five days, 
only minimal amount or t races of lindane were detected 
in blood (Table 7 ) . 
High concentration of metabol i te^ I, appeared in 
blood 6 hr a f te r exposure to l indane. The concentration 
of metaboli te^I, decreased slowly t i l l three days a f te r 
exposure (Table 7 ) . Only minimal amount or t races were 
present five days a f te r exposure (Table 7 ) . Metabolite 
. I I , in blood was not detected at any time in te rva l af ter 
exposure to lindane (Table 7 ) . 
Adipose t issue 
Highest concentration was found in adipose t i ssue 
at a l l time in te rva l s af ter s ingle pulmonary exposure 
(Table 8 ) . The lindane content 6 and 12 hr af ter expo-
sure was 2860.0jfl23.0 ng and 8510.0+91.7 ng per gm of 
adipose t i s s u e respect ive ly (Table 8 ) . The lindane 
content of adipose t i s sue decreased slowly to 
4861.oj^20.8 ng/g of adipose t i s sue five days a f te r 
exposure (Table 8 ) . Neither metaboli te^I ,nor metaboli te 
^ITj were detected in adipose t i s sue at any time a f te r 
in t r a t r achea l adminis t rat ion of lindane (Table 8 ) . 
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Excretion of Lindane and its Metabolites in Urine and 
Faeces at Different Time Intervals after Exposure 
Two or three peaks for major metabolites of 
lindane? besides a peak for lindane itself, were 
detected in GLC analysis of urine and faeces from 
lindane treated rats. These peaks were not observed m 
urine and faeces of untreated controls. The pattern of 
their elimination m urine and faeces was specific which 
is discussed separately. 
Urine 
The excretion of lindane in urine, after a single 
intratracheal administration was studied for a period of 
five days. The values of lindane content in various 
samples of urine are given in Table 9. The concentra-
tion of lindane in urine was maximum one day after 
exposure (12288.0 + 122.3 ng/ml of urine) which 
decreased slowly till the 5th day when the urine 
contained 231.0 ± 8.9 ng/ml suggest excretion of lindane 
through urine (Table 9). 
Three major metabolites were also detected m 
urine at different time intervals after exposure. The 
metabolite , II_, was maximum on first day after exposure 
which decreased gradually till the third day after 
exposure (Table 9). This metabolite was not detected m 
the urine four and five days after exposure. The 
concentration of metabolite,I^increased till three days 
after exposure. The concentration of metabolite^III^was 
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also maximum on third day but the metabolite persisted 
in the urine till five days after exposure (Table 9). 
Faeces 
The excretion of lindane and i t metabolites in 
faeces was a lso s tudied for five days a f te r exposure. 
Lindane was present in faeces on f i r s t and second days 
a f te r exposure (Table 10) . Only two major metabol i tes , 
metabolite ^I^ and metaboli te .111^ were detected in faeces. 
The metabolite;?II;,was absent or present only in t race 
amounts in faeces at d i f ferent times af te r exposure to 
l indane through t racheal rou te . The amount and pa t t e rn 
of excretion of both the metabol i tes^I , and ^III, was 
s imilar to that in urine where a lso both the metabolites 
were detected. 
The metabol i t e ,1^ in faeces was present t i l l three 
days a f te r exposure while metabolite^II I. pers is ted t i l l 
f i f t h day (Table 10). 
Influence of Lindane Exposure on the Clearance of other 
Xenobiotlcs from Lungs 
Benzo(a)pyrene 
Benzo(a)pyrene clearance from lungs was studied in 
r a t s 24 hr (1 day), 72 hrs (3 days) and 120 hrs (5 days) 
af ter s ingle pulmonary exposure to l indane. The data 
indicat ing benzo(a)pyrene recoveries from control and 
lindane t rea ted r a t s are given in Table 11. 
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The amount of benzo(a)pyrene in ra t lung 24 hr 
a f t e r lindane treatment was 4.7ji^0.4 mg which was 
s ign i f i can t ly higher than that recovered from control 
animals where the corresponding values were 3.2+^0.5 mg 
of benzo(a)pyrene. However, in r a t s 5 days a f te r lindane 
exposure, benzo( a)pyrene content was 3.8+^0.2 mg which 
was s l i g h t l y but s ign i f i can t ly more than the 
corresponding values in controls (Table 11) . The data 
are suggestive of r e ten t ion of benzo(a)pyrene in the 
lungs of lindane t r ea ted animals. 
Aldrin 
The data for aldrin content recovered from 
controls and experimental animals (pre exposed to 
lindane) are given in Table 12. 
The data indicate higher level of aldrin content 
in lungs of rats preexposed to lindane than of controls. 
In animals pre-exposed to lindane, the aldrin content of 
lungs was significantly more than in controls (Table 
12). 
DISCUSSION 
Lindane was found to be more toxic by pulmonary 
route than by oral or dermal routes. The difference in 
toxicity lies in the absorption and distribution of the 
180 
compound to the t a rge t organ. The s tudies further 
indicate that the compound reached the ta rge t organ from 
lungs much quicker than by other routes of exposure. 
The clearance of i n t r a t r achea l ly injected lindane was 
studied at d i f ferent time in t e rva l s a f t e r treatment. 
I t was found tha t major portion of the compound or i t s 
metaboli tes was cleared from the lur^s 6 hr af ter 
treatment (Table 1) . 
A small portion of the residue was also detected 
in the trachea or bronchi close to the s i t e of 
i n t r a t r achea l in ject ion which was a lso included during 
extract ion from the lungs . The amount of lindane was 
s ign i f i can t ly reduced in the lungs 12 hr af ter exposure 
(Table 1) . The level of residue further decreased 24 
and 72 hr a f t e r i n t r a t r achea l administrat ion of lindane 
(Table 1 ) . A metaboli te ( referred as metabol i te , ! ) was 
also detected in lung t i ssue 6 hr a f te r treatment which 
a lso pe rs i s t ed t i l l 72 hr a f te r exposure (Table 1) . 
Another metabolite ( referred as metaboli te^II) was also 
detected in the lung t i s s u e 72 hr a f te r the administra-
tion of lindane (Table 1) . This, metabolite was also 
detected in l i ve r (Table 2) and kidney (Table 4) and in 
small amount in the brain (Table 3 ) , 24 hr a f te r 
exposure. I t was not present in e i ther t i s sue 72 or 120 
hr a f t e r treatment with l indane. In lungs, i t s 
appearance on th i rd day may be due to the delayed 
formation of the metabolite in t h i s t i s sue (Table 1 ) . 
The metabolite was not detected in blood (Table 7) and 
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its clearance from the liver (Table 2) was quicker than 
other tissues. 
Immediately after exposure, the blood contained 
residues of insecticide (Table 7). At 6 hr, the 
concentration was 104.3 ng/ml of blood. The 
concentration of metabolite ;I^ in blood was higher than 
in other tissues (Table?). The high concentration of 
metabolite in blood may be due to its formation in lung, 
liver (Table 2) and brain (Table 3) since only these 
tissues contained the metabolite^ 1^ 6 hr after exposure. 
The lung seems to be the main site of the formation of 
this metabolite (Table 1) since its concentration was 
higher in lungs than other tissues. The possibility of 
metabolite formation in blood may be ruled out since the 
level of the metabolite was decreased 24 hr after 
exposure (Table 7), when the concentration of parent 
compound was increased. However, at this time interval 
many other organs like liver, kidney, spleen and heart 
were found to contain high levels of metabolite y 1, 
(Tables 2, 4, 5 and 6). It is likely that the 
metabolite ,1^ was deposited in these organs through 
circulation rather than conversion of parent compound 
since the level of parent compound in certain tissues 
was less than the metabolite itself (Table 2, 3 and 5). 
This is also consistent with the decreasing 
concentration of metabolite jl;, in the blood (Table 7) 
The low concentration in blood may also be due to the 
excretion in urine or bile (and thereby in faeces) 
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depending on the nature of the compound or further 
conversion to other water soluble metabolites which were 
not analysed in the present study. 
It is -^een. that after initial higher 
residue levels in lungs the parent compound existed at 
low levels and its disappearance was a faster phenomenon 
whereas the elimination of metabol ite ^ I^ took place at a 
slower pace. At fifth day the concentration of 
metabolite ^ I^  in lung and liver was significant, lungs 
contained 15 times higher concentration than other 
tissues of the body. Further lung tissue retained 
significantly higher residues of parent compound, the 
level of lungs being several times higher than other 
tissues. This is suggestive of the existence of certain 
binding sites in lung tissue for keeping the residues 
trapped in the organ irrespective of its elimination 
from blood and other body organs. It is also evident 
from Table 8 that lindane was deposited in fat in 
considerable amount 6 hr after exposure which was 
significantly increased 12 hr after exposure. The 
lindane in adipose tissue existed at significantly 
higher level even 3 and 5 days after exposure (Table 8). 
The earliest studies of Laug (1948), on the distribution 
of lindane, revealed its accumulation in body fat and 
kidney tissues. Other tissues were also found to 
contain measurable amounts of the compound. Liver was 
efficient in detoxifying the compound. The accumulation 
of the compound was not directly proportional to the 
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dose by oral exposure. Especially in long term exposure, 
the leve ls of residues in various t i s sues were 
comparable i r r e spec t ive of the amount of lindane 
ingested through d i e t . This indicates that beyond a 
cer tain l eve l , the t i s sues are capable to remove the 
residue l eve l s . Kujawa et aj. . (1975) also reported 
accumulation of l indane in fa t ty t i s s u e . The half l i f e 
time of lindane in ra t i s between 3 and 5 days. I t was 
previously reported tha t a f te r discont inuat ion of 
exposure, lindane was readi ly excreted from the body 
(Ishida ^ aJ.., 1969). Chadwick and Freal (1972b) and 
Oshiba and Kawakita (1972) reported a fas ter el imination 
in preadapted r a t s to HCH or DDT. 
Lindane was excreted both in urine and faeces, the 
excretion being more in urine than faeces accompanied by 
free or conjugated metabolites (Tables 9 and 10). In 
urine, metabolites^ I , 11^ and ,111^ were present in smaller 
amounts while in faeces only metaboli tes^I, and ,111^ were 
present (Table 9 and 10). The metabolite^ I^ and ,111 ,^ were 
present in high concentration in faeces t i l l three days 
af ter exposure. Subsequently only metabolite .111^ could 
be detected (Table 10). 
14 The appl icat ion of C-lindane in pre-adapted r a t s 
resul ted in the excretion of 48.5% of the a c t i v i t y in 
urine and 28.8% in the faeces of r a t s (Bienok, 1979). 
Most of the excretion was on f i r s t and second day af ter 
app l i ca t ion . Lindane i s excreted as the parent 
compound, free metaboli tes and as glucuronides in 
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faeces and urine (Seidler et^ aj^. , 1975). The half life 
of lindane in rats was found to be 3-5 days (Macholtz, 
1976). In another study, many tissues were found to 
contain lindane and free metabolites following exposure 
(Kujawa et^  aj.., 1975). In our studies also, lindane 
and its metabolites were detected in various organs. At 
later stages, tissue concentration of metabolites was 
greater than the parent compound. Both the metabolites 
were hexane soluble which predominated the residue 
levels found at different stages of study. 
In blood the concentration of metabolite^ I^  was 
several times higher than lindane indicating quick 
conversion of the parent compound into metabolites 
(Table 7), In lung tissue, the concentration of 
metabolite ^I^ slowly increased upto 24 hr which was 
followed by elimination of metabolite, however, the 
parent compound was quickly eliminated. This indicates 
that the clearance of the metabolite^I^ from pulmonary 
tissue was a slower phenomenon than lindane itself 
(Table 1). After 6 and 12 hr of exposure, liver and 
brain were the other organs where metabolite jl^ was 
detected (Table 2 and 3 ) . Since kidney, spleen and 
heart were devoid of any metabol ite ,1^ till 12 hr after 
exposure, the presence of metabolite^I^ in liver and 
brain may be the result of the metabolism in these 
tissues themselves atleast partially. However, at later 
stages, the metabolite^I^was found in all the organs in 
appreciable amounts. Spleen, heart and liver contained 
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higher amounts than kidney brain and lung. In l ive r and 
kidney, another metabolite^ 11^ was found in concentra-
t ions higher than metabol i te , I, (Table 2 and 4 ) . Brain 
and spleen a l so contained low levels of metaboli te^ 11^ 
(Tables 3 and 5 ) . This suggest that l i ve r and kidney 
were involved in converting raetabolite^I^ to metabolite 
; I I ; while the process was absent or slow in brain and 
spleen. I t i s however evident that i r r e spec t ive of the 
efficiency or mechanisms, most of the organs were able 
to eliminate the high concentration of residues from the 
t i s sues by f i f t h day. Brain, kidney spleen and heart 
contained small amounts of metaboli te^I^five days a f te r 
exposure (Table 3, 4^5 and 6) while lung contained 
s ign i f i can t ly higher level of the metabolite (Table 1) 
at the same time i n t e r v a l s . The metabolite ; I I j was 
absent in a l l the t i s s u e s . These observations tend to 
suggest that metabolite ; I I^ i s a secondary product 
helping in clearance of metaboli te^I^as i t i s quickly 
eliminated from the body. 
In cer ta in publ ica t ions , y-PCCH has been reported 
to be the primary metabolite which i s further converted 
to secondary metaboli tes l ike 2,4,5-TCP and 2,3,5-TCP 
Secondary metabolites are quickly eliminated by phase II 
reac t ion of metabolism forming conjugates l ike 
glucuronides, sulphates and S-(2,4-dichlorophenyl)-
mercapturic acid(Kt>Vi ^'^^•'I'^l > GivflVCA. «VAPI ^IVM4J ( 1 ^ 0 ' 
Conversion of l indane to Y-PCCH is a 
detoxif ica t ion step which considerably reduces the 
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t ox ic i ty of the compound. However, fur ther conversion 
of Y-PCCH to other products may produce canpounds more 
toxic than l indane. Hence in the metabolism of lindane, 
f i r s t step i s j ' detoxif ica t ion followed by further 
t o x i f i c a t i o n . In our s tudies in most of the organs, 
pr imari ly metabolite , 1^ was formed which was also 
p e r s i s t e n t . The metabolite ^11^ when formed was 
eliminated (five days a f te r exposure metabolite^II^ was 
not present whereas metabolite , I , was found in various 
t i s s u e s ) . This suggests that the changes observed in 
metabolizing enzymes of phase I react ion of metabolism 
were e i ther the effect of parent compound or i t s 
metabolite (Chapter IV). I t has been reported that 
reductive dehalogenat ion, converting lindane to y-PCCH 
requires NADPH dependent cytochrome P-450 system 
(Chadwick and Freal , 1972a). During th i s process 
lindane derived free rad ica ls are generated (Baker et 
a l . , 1985). These free rad ica ls might cause injury to 
microsomal assembly which i s a lso evident from reduced 
benzo(a)pyrene hydroxylase a c t i v i t y and increased l ip id 
peroxidation (Chapter IV). This further explains the 
slow ra te of el imination of metabolite^I^ f rom the lung 
since the primary metaboli te undergoes hydroxylation of 
aromatic ring to yield PCCOL or TCCOL which may yield a 
toxic metaboli te PCP. PCP undergoes raethylation 
reaction of hydroxy group of phenol or progressive 
dechlorinat ion y ie ld ing other metabolites for easy 
el iminat ion from the body. 
187 
Inhib i t ion of microsomal hydroxylation reaction as 
observed in our s tud ies may reduce further conversion of 
primary metabol i te . Increased gluta thione-S- t ransferase 
ac t iv i ty wi l l be helpful in eliminating the metabolites 
by conjugation reac t ion . 
The r e su l t s of the present study a lso indicate 
that l indane may a l t e r the clearance of other xenobio-
t i c s from lungs. To verify t h i s , the clearance of 
benzo(a)pyrene and a ldr in was followed in lindane 
exposed r a t s . Assay of benzo(a)pyrene c lear ly demons-
t ra ted that i t s clearance from the lung was retarded 
(Table 11) . If the metabolism of benzo(a)pyrene i s 
followed c losely , i t w i l l be evident that the compound 
primarily undergoes an epoxidation react ion forming 
epoxides that undergo hydroxylation yie lding dihydrodiol 
which can form conjugates with GSH and detoxified (Habig 
et a l . , 1974; James et^ aj^ « , 1976; Mukhtar and Bresnick, 
1976a,b; Jer ina and Bend, 1977). I t was observed that 
benzo(a)pyrene hydroxylase was inhib i ted by lindane 
treatment (Chapter IV), which obviously retarded the 
formation of dihydrodiol (one day a f t e r exposure) 
thereby reducing the clearance of the compound from the 
system. 
Studies with a ld r in a lso showed reduced ra te of 
el imination of the compound from the lungs in l indane 
t rea ted animals (Table 12). Aldrin i s converted to 
d ie ld r in by epoxidases. Therefore, a ld r in accumulation 
may be the resu l t of the inh ib i t ion of epoxidase 
188 
activity. Inhibited epoxidase may be another factor in 
reducing the clearance of benzo(a)pyrene since this 
compound also undergoes primarily an epoxidation 
reaction as discussed (Chapter IV). 
The above explanation is in agreement with the 
finding that five days after exposure to lindane the 
elimination rate of the benzo(a)pyrene and aldrin was 
faster than that after day one (Table 11 and 12). It 
has been reported in the earlier chapter that by fifth 
day, both inhibited enzymes of microsomal metabolism 
returned to normal level. The clearance kinetics of 
other xenobiotics also approached the normal rate five 
days after exposure. The results of the present study 
reported in this chapter and in earlier chapters 
indicate that following pulmonary exposure, most of the 
lindane is quickly eliminated from the lung tissue. 
However, some residue is deposited in almost all the 
body organs through circulation which is metabolized 
there and subsequently eliminated. 
The process of elimination from the lung was not 
free from tissue injury. Microsomal enzymes of phase I 
and II reactions of metabolism were altered. Phase I 
reaction of metabolism was inhibited which resulted in 
the delayed clearance of other xenobiotics reaching 
lung. However, the injury was repaired in due course of 
time due to decreased load of toxic compound in the 
tissue. 
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The lung t i s sue was found to contain higher 
residues of insec t i c ide and metabolite I than other body 
organs suggesting the presence of some spec i f ic binding 
s i t e s in the organ. However, the level of residue 
retained appears to be toxicologica l ly ins ign i f ican t in 
a short term study. Considering the conditions of work 
environment where exposure i s a constant phenomenon, the 
residue level may reach to a c r i t i c a l level exerting 
toxic effects or impaired metabolism of other compounds 
in lung. The harmful effects caused by residues of 
lindane or other xenobiotics cannot be ant ic ipated jus t 
through benzo(a)pyrene and a ldr in re tent ion time. 
However, in lung t i s sue the re ten t ion time of these 
compounds has been s ign i f i can t ly enhanced by exposure to 
1indane. 
(h - ^ ^^^t<^~ btL£"T£D 
CHAPTER-VI. 
HISTOLOGICAL STUDIES. 
CCfmPTER "hbL- tTt ] ) ) 
MATERIALS AND METHODS 
Requirements for h i s t o l o g i c a l s t u d i e s are given 
below: 
1. Pa ra f f i n wax (E. Merck) 58-60 C. 
2 . Xylene (BDH) - 99% pu re . 
3 . Mayer 's albumin (1:1 mixture of egg albumin from 
fresh egg and 99% pure g l y c e r i n e and some c r y s t a l s 
of thymol used as p r e s e r v a t i v e ) 
4 . Ethyl a l coho l g rades - 30%,* 50%, 70% , 90% and 
abso lu t e a l c o h o l . 
5 . Dehydration t ubes 
6. Metal L-Blockers for p r e p a r a t i o n of p a r a f f i n blocks 
7. Microtome weswox h o r i z o n t a l MT-1090 A for 
s e c t i o n i n g the t i s s u e s . 
8. Glass coupl ing j a r s . 
i\iJJ | 2 ^ cMiiaJi 
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9. Microscope slides 
10. Formal saline (10 ml of 40% formaldehyde solution 
90 ml of 0.9% Normal saline) 
11. Hot plate maintained at 50 C for stretching the 
paraffin ribbon of sections 
12. DPX (Diphenyl Xanthate) 
13. Kerosine oil chloroform 
1. Fixation of the Tissue 
Small pieces of the lung tissue were 
thoroughly washed with saline and fixed in 10% formal 
saline.The tissues were kept in the fixative for 24 hr, 
after which they were placed under running tap water for 
8 hr and processed for dehydration. 
2. Dehydration 
The tissues were dehydrated with different 
grades of alcohol viz. 30% and 50% atleast for 1-2 hr 
and were then placed in 70% ethyl alcohol for over 
night. The tissues which were kept in 70% ethyl alcohol 
were transferred to 90% alcohol followed by absolute 
alcohol each for 45 mins. Next they were transferred in 
kerosine oil : chloroform (3:1) mixture for 1 hr and 
then in fresh kerosine oil overnight. Before infiltra-
tion the blocks were put in the fresh kerosine oil 
chloroform for 1 hr. 
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3. Inf i l trat ion 
The t i s sues kept in kerosine o i l chloroform 
were t ransferred to molten paraff in containing v i a l s . 
Four changes each of 45 mins were carr ied out . 
The t i s sues were next embedded in paraff in blocks 
by pouring molten paraffin into L-mould and embedding 
the t i s s u e in the molten paraff in before i t s o l i d i f i e d . 
4. Sectioning the Tissues 
The paraffin blocks thus prepared were 
careful ly trimmed and attached to microtome holder . 
Sections of 5 um thickness were cut and the ribbon was 
mounted on glass s l i d e , smeared with Mayer's albumin. 
The ribbons were s t re tched in a trough of water, 
e 
maintained at 50 C and taken on glass s l i d e s . They were 
allowed to dry before s ta ining of the ribbon. 
5. Staining 
For staining the sections delafields 
haematoxylin and eosin were used. The schedule for 
staining the slides was as follows. 
a. Deparaffinization of the sections was done using 
two changes of xylene each of 10 mins. 
b. The slides were then passed through decending 
grades of alcohol, (absolute, 90%, 50%, 30%), each 
of 3 mins. 
PiCi ^c-v^ ckaXslsL^ 
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c. Slides were then washed in tap water and stained in 
haematoxylin for 2-5 minutes. After staining, the 
slides were washed once again in tap water. 
d. The slides were then checked for nuclear staining 
intensity under low power of the microscope. 
e. If the stain was not intense, the slides were given 
dips in basic water (distilled water containing 
ammonium hydroxide or sodium bicarbonate) 
f. If the staining was intense, the excess stain was 
removed by giving dips in acid water (1% HCl in 70% 
alcohol). 
g. After staining, the slides dipped in basic water 
until the sections turned blue and slides were then 
washed in tap water. 
h. For dehydration, the slides were then passed 
through 30%, 50% and 70% alcohol grades, 
i. From 70% alcohol the slides were transferred to 1% 
eosin prepared in 90% alcohol and kept for 20 mins. 
j. Excess of eosin was washed off in 90% alcohol. Then 
the slides were passed through, absolute alcohol 
and absolute alcohol + xylene (1:1). 
k. Finally, for complete cleaning, the slides were 
kept in Xylene for 20 mins. 
6. Mounting of Slides 
The slides were mounted in DFX after DFX was 
completely dry. The excess DPX was removed with the help 
tid( j?^^ ds^jLsJO: 
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of blade and the slides were cleaned with the moist 
clothes and labelled for observation. 
7. Photomicrography 
The slides were observed under a olympus 
compound microscope with built-in camera attachment and 
sections were photographed for histological lesions if 
any. 
Histological Observation of Rat Lungs at Different 
Stages of Post Pulmonary Exposure to Lindane 
Histology of the lungs of control animals 6 hr 
after intratracheal innoculation of vehicle alone 
revealed normal architecture of alveolar lumen and their 
walls (Figure 1). Exposure to lindane resulted in the 
development of an acute inflammatory reaction. At 6 hrs 
of post exposure this was manifested by hyperaemia of 
the capillaries in the interalveolar septa and exudation 
of a fluid in the alveolar lumen. The fluid at this time 
was granular. At 12 hr after lindane exposure the 
amount of exudate in the alveolar lumen was increased 
and occupied the alveolar space to varying extent from 
partial to complete occupying the lumen of alveoli 
(Figure 2). The alveolar septa exhibited normal 
cellularity. The cellularity of the alveolar septa was 
increased at 24 hr of post lindane exposure and the 
intra-alveolar exudate persisted as at 12 hr (Figure 3), 
^ ^^^dJUIs^ 
Fig. 1: Section of the lung of a control rat 6 hours of 
post vehicle (Pea nut oil) exposure; Showing 
normal archi tecture of aveolar lumen and the i r 
wal ls . Hematoxylin & Eosin X 135.6. 
exposure: Showing grannular, acellular exudate 
in the alveolar lumen. Normal ce l lu lar i ty , of the 
alveolar septa 
Eosin X 135.6. 
can be seen. "Hematoxylin and 
Fig. 3: Section of the lung of a rat 24 hours after lindane 
exposure; Showing persistance of exudate in the 
alveolar lumen. Hematoxylin and Eosin X 135.6. 
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or became fibrinous (Figure 4). Even though the 
alveolar fluid tended to be mostly acellular, at places 
it was heavily infiltrated with polymorphonuclear 
neutrophils and a few mononuclear cells (Figure 5). The 
control animals did not reveal any comparable change in 
the lung tissue (Figure 6 ) . 
Five days after lindane exposure the cellularity 
of the alveolar septa was greatly increased due mainly 
to proliferation of mononuclear cells and fibroblasts. 
The picture was that of a interstitial pneumonitis 
(Figure 8 and 9) . At some places there was an exudate 
in the inter alveolar lumen comprised mostly of 
macrophages and some polymorphonuclear neutrophils. The 
neutrophils were degenerated in the alveolar lumen 
(Figure 10) . Control did not show any comparable change 
(Figure 7). 
DISCUSSION 
It is clear from figures 1-10 that intratracheal 
administration of lindane caused histological changes in 
lung tissue at different time intervals after exposure. 
Relatively, the histological changes were more 
pronounced in late stages than early stages of exposure, 
corresponding controls showing normal architecture. This 
suggests that the immediate Drp«;pnr>o -^P 4-V, 
icuiitue presence of the compound was 
\ 
Fig. 4: Section of the rat lung 24 hours after lindane 
exposure: The exudate i s fibrinous and acellular . 
There is increase in the cellulari ty of the alveolar 
septa, the alveolar lumen. Hematoxylin and 
Eosin X 135.6. 
Fig. 5: Section of the lung 24 hours after lindane exposure: 
Showing infiltration of the alveolar lumen by 
cellular elements comprising of macrophages and 
polymorphonuclear neutrophils . Hematoxylin and 
Eosin X 135.6. 
Fig. 6: Section of the lung of a control ra t 24 hours 
after exposure to vehicle alone: Showing that 
lungs did not reveal any change comparable to 
lindane exposed ra t s at th i s time in te rva l . Hema-
toxylin and Eosin x 135.6. 
Fig. 7: Section of the lung of a control ra t 5 days after 
exposure to vehicle alone: No change comparable 
to lindane exposed ra ts is observed. Hematoxylin 
and Eosin X 135.6. 
Fig. 8*9: Section of the ra t lung after five days of single 
intratracheal exposure to lindane; The cellularity 
of the alveolar septa was greatly increased due 
to proliferation of mono nuclear cells and f ibro-
blasts resulting in focal thickening of in ters t i t ia l 
t i ssue . Hematoxylin and Eosin X 135.6 and 271.2. 
Fig.10: Section of the ra t lung at five days of post lindane 
exposure: Showing an exudate in the inter alveolar 
lumen comprised mostly of macrophages and some 
degenerated polymorphonuclear nutrophils in the 
alveolar lumen. Hematoxylin and Eosin X 135.6. 
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essential for initiation of the reactions. The studies 
also indicated that metabolite I was the main compound 
present in the lungs of lindane treated animals. Then 
the initiation of the histological changes may also be 
related to the metabolism and presence of metabolite I 
in the lung tissue besides parent compound. The 
histological changes in the lungs of lindane treated 
animals consisted of degenerative changes characterised 
by hyperaemia or haemorrhages of the capillaries in the 
inter alveolar septa (Matsumura, 1985), exudation of a 
grannular fluid to variable extent in the alveolar 
lumen, appearance of polymorphonuclear neutrophils and 
increased cellularity of the alveolar septa due to 
proliferation of fibroblasts and mononuclear cells 
resulting in an interstitial pneumonitis. These changes 
were followed by others which included the degeneration 
of polymorphonuclear neutrophils in the alveolar lumen 
and an exudate rich in macrophages in the interalveolar 
lumen. The induced changes are suggestive of an acute 
inflammatory reaction. It is evident from the above 
that lindane, after single intratracheal administration 
can bring about gross histological changes including 
increased fibroblastic activity leading to impairment of 
pulmonary functions. 
The development of fibrosis in the lung as 
reported by Lings (1982) is not a single process but a 
final step in the inflammatory reactions, and occurs 
when "first line" pulmonary defences such as 
fVJU ^<3^V<^^A^^ 
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phagocytosis by macrophages and clearance by the 
mucociliary apparatus have failed (Matsumura, 1985). 
This also indicates that lindane may induce changes in 
non target tissue such as lungs when exposed through 
tracheal route. As referred above histological changes 
may be related to immediate presence of lindane and 
greater retention of its metabolite I in the pulmonary 
tissue of treated animals. This finding also assumes 
significance since lung is an organ of the body which is 
directly exposed to external environment. 
^^-^ K ^ cMli^ 
CHAPTER-VII. 
SUMMARY and CONCLUSIONS 
.-__- 7-^  
(Jc^fO i l l ) 
The organochlorine group of pesticides have been 
used in agriculture from the last few decades. The 
widespread use of these pesticides has resulted not only 
in environmental pollution but also presented a 
potential health problem. Many of these compounds have 
persistent residues or metabolites in the body. These 
chemicals enter in the human body either through 
inhalation or food chain. 
The lungs and respiratory passages present a large 
surface area which is constantly exposed to environment. 
Besides, there has been a growing concern about the 
large number of deaths due to cancer. According to 
certain U.S. data, the number of deaths due to cancer 
may be more than by accidents or accidental poisoning. 
In majority of cases, the cause of lung cancer has 
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either not been established or attributed to smoking. 
Inspite of this, and also the vital role it plays in the 
body, the lung has not received as much attention in 
toxicology as it should have. Besides the direct 
pulmonary effects, the disposition of pesticides by 
lungs may determine the fate and toxicity in other organ 
systems of the body. The present study was therefore 
undertaken to study the toxicity and disposition of 
lindane (y-isomer of hexachlorocyclohexane) in animals. 
CI 
CI 
CI 
H ^ H 
CI 
CI 
CI 
Hexachlorocyclohexane (HCH) 
Y-Isomer (Lindane) 
The toxic effects of lindane were studied primarily 
on respiratory system with a possible bearing on other 
organs including liver and brain. The main emphasis of 
the investigation was on biochemical changes in lungs 
which have not yet received adequate attention 
particularly in pesticide toxicity. Attempts were also 
VulL ^^dUiJt^ 
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made to study the adaptive responses of lung tissue 
which involve enzymatic changes and disposition of the 
pesticide in various body tissues. Histological studies 
were also conducted to correlate the biochemical effects 
with histological changes, if any, in the tissues. 
The biochemical studies were conducted jji vivo as 
well as iia vitro. Adult male albino rats (wistar 
strain) were treated with lindane intratracheally. The 
animals were sacrificed at different time intervals 
after treatment with lindane. Lung, liver and brain were 
removed and used for enzyme estimations. Lungs of 
rats were also preserved for histological studies. 
Residues and metabolites of lindane were estimated in 
various tissues including lungs, liver, brain, kidney, 
spleen, heart, blood and adipose tissue. Lindane and its 
metabolites were also estimated in urine and faeces. 
Benzo(a)pyrene and aldrin clearance times were measured 
in the lungs of lindane treated animals. The changes in 
the activities of various enzymes were assayed in 
homogenate and serum, mitochondria and microsomes of 
lindane treated rats. 
1. Effect of Lindane on Certain Enzymes in Honogenate 
and Serum 
The enzymes estimated in the serum and whole 
homogenates of certain tissues of lindane treated 
animals included (a) Acid phosphatase (b) Alkaline 
phosphatase (c) GOT and (d) GPT. These estimations (in 
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vivo and i^ vitro) were made since lindane induced 
chemical changes which were often used to monitor the 
degree of toxicity or exposure. The increased level of 
alkaline phosphatase in serum is suggestive of liver 
function disorder in animals treated with organochlorine 
insecticides. 
1.1 I_n vitro treatment with lindane increased acid and 
alkaline phosphatase activity in lungs. In liver, 
acid phosphatase activity increased while alkaline 
phosphatase activity remained unchanged. However, 
lindane inhibited both acid and alkaline 
phosphatase activities in brain tissue of rats in a 
concentration dependent manner. Activities of GOT 
and GPT in lungs were not changed by lindane 
treatment. 
1.2 Intratracheal administration of lindane however 
resulted in identical changes in lungs and liver. 
Acid and alkaline phosphatase activities were 
increased significantly in lungs while in liver 
only acid phosphatase activity was increased at an 
early stage. In brain both the enzymes were not 
significantly changed initially. Later only 
alkaline phosphatase activity was slightly but 
significantly increased. In lungs, the activities 
of both the enzymes returned to normal level by 
fifth day after treatment. 
S-iM (2^ dcLL^ 
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1.3 In serum, acid and a l k a l i n e phosphatase l e v e l s were 
a l so inc reased only i n i t i a l l y but were normal by 
f i f t h day. 
1.4 Levels of GOT and GPT were not s i g n i f i c a n t l y 
changed in lung or serum in l i ndane t r e a t e d 
a n i m a l s . 
1.5 The enhanced serum enzyme a c t i v i t i e s may be due t o 
t i s s u e in ju ry inducing r e l e a s e of enzymes in the 
serum. These r e s u l t s a re a l s o c o n s i s t e n t with the 
h i s t o l o g i c a l s t u d i e s which i n d i c a t e d damage and 
h i s t o l o g i c a l changes in the lungs of l indane 
t r e a t e d an ima l s . 
2 . Changes in Certain Enzymes of Mitochondria 
Biochemical s t u d i e s were extended t o 
e s t i m a t i o n s of enzymes of e l e c t r o n t r a n s p o r t chain ( i ) 
Succ in ic dehydrogenase ( i i ) NADH-cytochrome-c-reductase 
( i i i ) Cytochrome-c-oxidase and ( iv) Ca , Mg -
(ol igomycine s e n s i t i v e and i n s e n s i t i v e ) and (v) 
c y t o s o l i c (Na - K) ATPase in pos t mi tochondr ia l 
s u p e r n a t a n t . 
2 .1 In lungs," the a c t i v i t i e s of s u c c i n i c dehydrogenase 
and cytochrome-c-oxidase were inc reased s i g n i f i -
can t ly while NADH-cytochrome-c-reductase was 
i n h i b i t e d i n i t i a l l y but r e t u r n e d t o normal f i v e 
days a f t e r exposure . 
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2.2 In l i v e r , s u c c i n i c dehydrogenase a c t i v i t y was 
i n h i b i t e d while NADH-cytochrome-c-reductase and 
t e rmina l cytochrome-c-oxidase a c t i v i t i e s were 
i n c r e a s e d . 
2 .3 Fu r the r in l u r ^ s and l i v e r , t he enzyme a c t i v i t i e s 
r e tu rned t o normal l eve l f ive days a f t e r exposure . 
However, t h e a c t i v i t y of cytochrorae-c-oxidase in 
lungs was s i g n i f i c a n t l y h igher than c o n t r o l values 
f i v e days a f t e r exposure . 
2 .4 In b r a i n , the enzyme a c t i v i t i e s were not a l t e r e d 
i n i t i a l l y . However, f i ve days a f t e r exposure, 
s u c c i n i c dehydrogenase and NADH-cytochrome-c-
reduc tase a c t i v i t i e s were inc reased while t e rmina l 
cy tochrome-c-oxidase a c t i v i t y dec reased . 
2.5 Lindane through i n h i b i t i o n of r e s p i r a t o r y chain at 
d i f f e r e n t s i t e s in d i f f e r e n t organs seems t o 
i n t e r f e r e with t h e c e l l u l a r metabolism. However, 
the a c t i v a t i o n of o ther enzymes in lung, l i v e r and 
b r a i n i s s u g g e s t i v e of a compensatory mechanism t o 
meet the requirement of a d d i t i o n a l energy owing t o 
a d m i n i s t r a t i o n of l indane which bes ides inducing 
o the r changes may a l s o cause s t r e s s . 
2 .6 The e f f e c t of l i n d a n e on pu lmonary ATPases were 
+2 +2 
i n h i b i t o r y . Ca , Mg ( o l i g o m y c i n e s e n s i t i v e and 
i n s e n s i t i v e ) and Na-K"*" d e p e n d e n t ATPases were 
tuJX \wHj^ 4i,yiIiN 
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significantly inhibited initially but returned to 
normal or close to normal range subsequently. 
2.7 In liver, the response of ATPases in lindane 
treated animals was slightly different. There was 
+ + +2 
no significant change in Na-K -ATPases in liver. Ca 
and Mg (Oligomycine insensitive) ATPases were 
+2 
significantly reduced. However, Mg -oligomycine 
sensitive ATPases activity was increased suggesting 
enzyme release due to membrane damage. These 
changes were suggested to be organ specific. 
+2 + + 
2 .8 In b r a i n , Mg -ol igomycine s e n s i t i v e and Na-K 
ATPases were not s i g n i f i c a n t l y changed 24 hr a f t e r 
l i ndane t r e a t m e n t . Oligomycine i n s e n s i t i v e ATPase 
was s i g n i f i c a n t l y i n h i b i t e d while the a c t i v i t y of 
Ca -dependent ATPases was enhanced. However, f i ve 
days a f t e r t r e a t m e n t , a l l ATPases were 
s i g n i f i c a n t l y i n h i b i t e d . 
The changes in the a c t i v i t i e s of ATPases 
induced by l i n d a n e may be r e l a t e d t o the t o x i c 
e f f e c t s induced by the compound. 
3 . Microsoinal, Post-Mitochondrial and Cytoso l i c Studies 
The biochemical e s t i m a t i o n s in microsomal 
f r a c t i o n inc luded assays of ( i ) Benzo( a)pyrene 
hydroxylase ( i i ) Epoxide hydro lase ( i i i ) Cytochrome P-
450 and P-448 ( iv) G l u t a t h i o n e reduced and ox id ized (GSH 
a 
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& GSSG) (v) Cytosolic glutathione-S-transf e rase . The 
post-mitochondrial supernatant was used for the assay of 
(v i ) Glutathione reductase ( v i i ) Glutathione peroxidase 
and (viii) Superoxide dismutase 
3.1 Jja v i t r o , treatment with lindane inhibi ted the 
benzo(a)pyrene hydroxylase and epoxide hydrolase in 
a concentration dependent manner. The changes were 
s t a t i s t i c a l l y s ign i f i can t . 
3.2 Benzo( a)pyrene hydroxylase and epoxide hydrolase 
were also inhib i ted i^ vivo in microsomes iso la ted 
from r a t s t r ea ted in t r a t r achea l ly with l indane. 
Glutathione-S-t ransferase a c t i v i t y was also 
increased s i gn i f i c an t l y . 
3.3 When cytochrome P-450 and P-448 were estimated in 
microsomes of t r ea ted animals, a s igni f icant 
increase in the contents of both was found. 
3.4 Reduced glutathione content of lung decreased in 
lindane t rea ted r a t s whereas the level of oxidized 
glutathione increased. The depletion of glutathione 
(GSH) and subsequent increase in glutathione 
oxidized (GSSG) was due to the a l t e red a c t i v i t i e s 
of enzymes of glutathione metabolism viz . 
glutathione reductase and glutathione peroxidase. 
The former showed a s ign i f ican t decrease while 
l a t e r was s ign i f i can t ly increased. The response of 
two enzymes was s imilar during both in v i t ro and in 
Ft<M j j o ^ cLLX^ 
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vivo studies. Glutathione is known to afford 
protection of cell at least partially against toxic 
effects induced by certain chemicals. 
3.5 Effect of lindane on superoxide dismutase was also 
studied. Lindane did not alter the activity of 
enzyme in_ vitro or J^ vivo suggesting that any 
damage to tissues may not be due to generation of 
superoxide radicals atleast partially. 
3.6 The changes observed during early stages of study 
were reversible with time and therefore seem to be 
related to metabolism and clearance of lindane from 
the lung tissue. 
3.7 In the metabolism of lindane, the generation of 
lindane derived free radicals and peroxidative 
damage of lipids was suggested. Enzymatic and non-
enzyraatic lipid peroxidation was studied in 
microsomes isolated from rat lungs treated with 
lindane. The study was also conducted iri vit ro. 
Lipid peroxidation increased in microsomes of 
lindane treated animals. Enzymatic lipid peroxi-
dation was not significantly changed initially. 
However, non enzymatic lipid peroxidation activity 
was increased at the earlier stage. The changes 
returned to normal five days after exposure 
excepting enzymatic lipid peroxidation which 
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remained significantly increased five days after 
treatment with lindane. 
3.8 The glucose consumption in lungs was determined by 
isolated perfused rat lung technique. Glucose 
consumption in lindane exposed lungs increased 
significantly. However, glucose-6-phosphatase 
activity was reduced. Similar changes were found 
after liver perfusion in lindane treated animals. 
The changes are suggestive of greater utilization 
of glucose in lindane treated animals. 
4. Lindane Metabolites and Residues 
In addition to the biochemical changes 
referred above, metabolites and residues of lindane were 
estimated in lungs and certain other body tissues. 
4.1 In lungs, highest concentration of lindane and 
metabolite I were present 6 hr after exposure of 
the compound. Lindane was depleted subsequently 
and on fifth day, only traces were present. 
Metabolite I persisted in lungs till five days 
after exposuref. Another metabolite II was detected 
three days after exposure. 
4.2 The amount of lindane in blood increased upto 24 hr 
and thereafter was minimal on fifth day of 
exposure. The concentration of metabolite I was 
maximum 6 hr after exposure and was detected only 
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in traces after five days suggesting that lindane 
and its metabolites do not persist in the blood for 
long periods. 
4.3 The accumulation of lindane in liver and brain was 
maximum 24 hr after exposure. Metabolite I was also 
maximum 24 hr after exposure. In both the tissues 
only small amounts of lindane were present five 
days after exposure. However, concentration of 
metabolite I was more in liver than in brain five 
days after exposure. Metabolite II was present 
only after 24 hr. The results suggest faster 
metabolism of metabolite II than metabolite I. 
4.4 The accumulation and clearance pattern of lindane 
in kidney, and spleen was similar to that of liver. 
However, metabolite I was maximum three and five 
days after exposure in kidney and spleen 
respectively. Metabolite 11 in both the tissues 
was detected only 24 hr after exposure. The 
results again suggest faster metabolism of 
metabolite II than metabolite I in both the 
tissues. Lindane was present only in traces in both 
the tissues five days after exposure. 
4.5 The accumulation and clearance of lindane in heart 
was similar to that of lung, the concentration of 
the metabolite I being maximum 24 hr after 
exposure. Metabolite II, however, did not appear 
^r^sa \><3^ dAsXu^ 
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after treatment with lindane. Only traces of the 
compound and metabolite I were detected five days 
after exposure. 
4.6 In adipose tissue, no metabolites were detected at 
any time interval after exposure to lindane. 
Lindane content of adipose tissue was maximal 12 hr 
after exposure. The amount of lindane in adipose 
tissue was high even five days after exposure. 
4.7 The amount of lindane in urine was more than in 
faeces. The results suggest greater excretion 
through urine than faeces. Small amounts of 
lindane were present in urine till five days after 
exposure while in faeces, they were detected only 
till two days after exposure. In urine, metabolites 
I, II and III were detected while in faeces only 
metabolites I and III were present. The 
concentration of metabolite I was several times 
higher in faeces than in urine. The results are 
suggestive of greater metabolism and excretion of 
lindane and its metabolite through urine than 
faeces. 
4.8 The results indicated that lindane was cleared from 
lungs rapidly and distributed to other body organs 
including kidney where it was metabolized or 
excreted in sufficient quantities. 
irkiH 1^^ 4^  dJUXj^ 
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4.9 Lung is a major site for the formation of 
metabolite I which is then transported to other 
body organs. Liver and brain may also be the sites 
for the formation of this metabolite which is 
however not formed in blood. 
5.0 Metabolite I seems to be excreted through urine 
5.1 Another metabolite II appears 24 hr after exposure 
in different organs liver, kidney or spleen and 
brain. This metabolite was not detected three and 
five days after exposure and seems to be degraded 
quickly. 
5.2 Presence of metabolite II, three days after 
exposure in lungs, suggests its delayed formation 
in lungs or it may be transported from other body 
tissues . 
5.3 Higher residues of lindane and its metabolite in 
lungs than other body tissues, five days after 
exposure, suggest slower rate of elimination from 
pulmonary tissue. 
5.4 Lindane is deposited in adipose tissue maximally 12 
hr after exposure. The rate of deposition in 
adipose tissue is reduced subsequently. 
5.5 The clearance of certain chemicals, benzo(a)pyrene 
and aldrin from lungs was reduced in lindane 
treated animals suggesting greater retention of 
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these substances in lungs and a possible 
interference in the metabolism of xenobiotics by 
lindane. 
6. Histological Studies 
Biochemical changes were consistent with 
histological changes in lungs at different time 
intervals after lindane exposure. The histological 
changes suggested that lung tissue was damaged by 
lindane administration intratracheally leading to the 
development of acute inflammatory reaction. 
CONCLUSION 
In conclusion, lindane after intratracheal 
administration is distributed to liver, brain, kidney, 
spleen, heart tissues and blood maximally depositing in 
adipose tissue. Certain metabolites were also detected 
in these organs except fatty tissue. Excretion occurs 
through urine and faeces; though major part is found in 
urine. Besides the target organs-liver and brain, a 
number of biochemical changes occur in lungs and 
therefore respiratory system is not free from tissue 
damage which is also substantiated by histological 
changes. 
The enzymatic changes are manifest 24 hr after 
single exposure which in most cases return to normal 
^=^ hs^d^juia 
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level by fifth day after exposure. These findings 
suggest that the effects were only transient. However, 
continuous exposure to/pesticide, in work environment 
may be deleterious and may result in various health 
hazards. 
i-^  
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